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BL HE hiiatiibcsa Methods Committee has received the following Report from its Meat Products 


and its publication has been authorised by the ty 
The Meat Products Sub-Committee was appointed by the Analytical Methods Committee 
in 1955 to succeed the Meat Extracts Sub-Committee, which had been in existence since 1948 
under the chairmanship of Mr. G. Taylor. It was reconstituted with wider terms of reference 
than its predecessor, and its new title indicated the widening of the scope of its work. 
Its first Chairman was Dr. H. G. Rees, who had been Honorary Secretary of the old” 
Sub- Committee, but, on his resignation in 1956, he was succeeded by Dr. S. M. Herschdoerfer; 7 
its constitution is as follows: Mr. S. Back, Mr. P. O. Dennis, Mr. J. R. Fraser, Dr. R. ‘A. Lawrie, 
Dr. A. McM. Taylor and Mr. E. F. Williams (deputy, Mr. H.C. Hornsey), with Dr. C. H. chatt 


ub-Committee. The Report has been approved by the e Analytical aoe arent! 


as Secretary. The following have also served on the Sub-Committee: Miss E. M. Chatt 
(October, 1955, to June, 1960), Mr. C. D. Essex (June, 1955, to January, 1960) and 


ANALYST 


Dr. H. “Williams (June, 1955, to January, 1961). The Terms ot Reference are— 


determination | of the constituents of meat and meat products. 
NotE—The term ‘meat products’ to include hydrolysed protein and, if found ‘hecessary, fish wil 
_ In the first instance, the Sub-Committee reviewed the alternative methods for the — 
determination of the meat content of manufactured products—namely, that of Stubbs and — - 
More,! in which the nitrogen content is determined, and that of Osman Jones, based on the | 


determination of starch content. The Sub- Committee considers Stubbs and More’s method | ty 


to be more reliable and suggests that, as a further check, a determination of starch by the = 
method of Fraser and Holmes? may be used. There was evidence that the nitrogen factors 
published by Stubbs and More in 1919 for the different types of meat (pork, beef, mutton, etc.), 


or even the modified factor of 3-6 for pork the Sub Co Methods Commit- 


tee in 


Jackson ‘and on basis of 21 analyses of lean pork, including 10 of ‘mixed 


meat,” derived an unweighted mean for the water-to-protein ratio of 3-4 to 1, corresponding, 


on the basis of a nominal ash content of 1 per cent., to 3-60 per cent. of nitrogen in the fat-free 


meat. Steiner,5 quoting results from a private communication, states that “... an examina- 
tion of of ia e analytical data for various cuts of pork has Shown that the protein percentage 
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21-9 per cent.” to 3-50 per cent. of ‘and standard deviation of 2: 76 per 
cent.” Reith, Hofsteede and Langbroek® examined the meat from 19 Dutch animals, all 
meat muscle being “cut out, divided into 50-g pieces and mixed in the same quantitative 
Telation as exists in the animal.’’ The average nitrogen factor from these analyses was 3-40, 
_ _In analyses by Marshall,” the nitrogen content (on a fat-free basis) of the whole of the 
2 lean meat from one side of pork “. _, . calculated by proportion was 3-39 per cent.; a higher 
- figure of 3-43 per cent., which is less accurate, is obtained by direct averaging of the analyses, ¥ 
In his second series of analyses, for which another carcass was used, “. . . the nitrogen . content 
of the lean meat on a fat-free basis, calculated both by proportion and by direct averaging, 
was 3°43 per cent.” A circular® issued by the American Meat Institute Foundation quotes 
a large number of figures; these, however, refer partly to analyses reported in aces and 


include many types of meat not used in Britain for acento products. — "2 30, 


In view of the paucity y of published data, the Sub-Committee appealed ‘to various m sual | 
_ manufacturers and meat research organisations in this country and abroad for 
information on the analyses of meat products, with particular reference to the nitrogen 
contents of pig carcasses and different types of cuts. Nearly 1200 results, ranging from 3-0 to 

. -O per cent. and including values for individual muscles, named cuts and unspecified mixtures 
_ of pork meat, were submitted to the Sub-Committee.’ These results, together with corre- 
' = values from the literature, are shown in Fig. 1, from which it is apparent that there 
are considerable differences between the nitrogen contents of the fat-free meat in the different | 

~ The Sub-Committee considered the possibility of calculating the value for a nitrogen | 

- factor for the whole carcass from these figures, but thought this to be too dependent on | 
arbitrary assumptions. _ Apart from the uncertainty associated with such assumptions, a_ 
further limitation arises from the fact that most of the analytical results were obtained from 
small samples of the e relatively large cuts of meat involved, thereby introducing the possibility 
a sampling errors. In view of these difficulties, two particular series of tests were carried 
3 at the request of the Sub-Committee, in which the entire cuts of meat were comminuted 


Wfrrogem content, 


and thoroughly mixed before sampling. These tests were planned to give an automatic 
weighting of the analytical figures in relation to the proportionate amounts of the cuts in 
SS “In the first series of tests , 18 carcasses were divided into left and right sides. In each 
_ instance, one side was completely boned out, very finely comminuted, mixed and used as 
sample for determining the average nitrogen content of all the edible meat; the other side 
was divided into shoulder, middle and leg cuts, each of which was boned out, comminuted | 
and analysed. Gristle, fat, rinds, ears, snouts, tails, gullets, tongues and offal were excluded, 
so that only the carcass meat—the so-called “usable meat”—was employed for the analytical | . 
work. Each sample was analysed for fat, nitrogen and water contents. _ A single sample 
from each mix was taken and ie in = each observation recorded being the | 


content (fat-free basis), of a single a 


7 ie meat, i.e., lean and fatty tissue, but not offal, one side from each of a Secther’ 35 carcasses 
“ofeach completely boned out, and the meat was very finely comminuted and mixed. Two en. 


= 

| 

q 

| 

7 

4 : 


Asoresoge> 
Asoaesoge7 


g 


x 


g Asoresogey 


pue uosypef 
4 Asorxesogey 

3 Asoresoge} 

Asoresogey 


Asoresoge} 
4 Asoxesogey 


a 


arew 


4 Asovesoqe] 
4 Asowesogey 
4 Asoxesogey 


4 


> Asoresoge} 


ajosnw sda2j43 peay 


3) Asovesoge) josnw syjerpes jdue> sosua3x3 
ayeway 


Asoresoge) 
$guof pue uosy2ef 
J 
Asowesogey : 


vy Asoaesogey 

vy Asoresogey 


gen | 
al 


jent on 


ili 


fe) 
en 


ions 
ed from 
sibil 


itr 
t 


=) 
ffici 


as 3-40) | a 


Asoresogey 
Asoresoge} uray wepy 
Asoresoge} 
4 
Asovesoge, 
4 Asowesoge] 
4 Asovesoge] 


- - Asores (aequiny) snuyss}8u07 
y Asoresoge) 
sauof pue uosy2e/ 
4 Asoyesoge) 
Asowesoge} 7 ayeway 
3 Asoyesogey] 
3 Asowesogey 
3 Asoresoge) 
Asoresogey 


Kk 


 SONTVA BY} VIVIIPUT SOUT] ZIOYS 
I qzuoseide1 SOUT]  -yeour A JO 


OZE 2 OF! 


4 Asoresogey 


yesogey 


13}40 


Asoresoge} 
sauof pue uosy>ef 


Asoyesogey apsnw soxay 


> Asowesogey 
3 Asoresoge} 4 
{ pue uosy>ef 


Bea ie a 


| 3 


° 
Nitrogen content, % 


all average nitrogen content (fat-free basis), for the 53 carcasses was 3-47 per cent. , with 7 


standard deviation of individual observations of 0-12 percent. = 


a The series of results eosin the basis of this assessment was obtained from a number — 


Another laboratory, examining 
pigs of live ~~ bY 180 to 200 Ib, found an average value of 3-36 for 6 carcasses (whole meat) 
as the nitrogen factor. These results are also shown in Fig. 2 and are seen to be on the > 
same regression line. The relationship between the nitrogen factor and the live weight is 

RELATIONSHIP BETWEEN NITROGEN FACTOR AND LIVE WEIGHT 
These are the total edible meat from 59 carcasses 


Live weight of animal, ‘Nitro content basis), 


_ After due consideration of the types of meat normally ay in ‘the manufacture of 


comminuted products, and of the use of pigs of varying live weight, the Sub-Committee 
recommends an average nitrogen factor of 3-45 as the best aie for general use. ae 
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Fraser, pS and Holmes, D. C., Ibid., 
Analytical Methods Committee, Ibid. , 1940, 65, 257. 
iz F. W., and Jones, O., Ibid., 1932, 57, 663. 
Steiner, E. H., ‘Ibid., 1948, 73, 
6. - Reith, J. F., Hofsteede, M. J. N., and Langbroek, w, q Ss 
Marshall, C. R. , Analyst, 1955, 80, 
. Maroney, J. E., and Landmann, W. A. , ‘Moisture and Fat in Fresh Meat Materials as Related 
. to Sausage Formulations,” Circular No. 49, American Meat Institute pene Chicago, 1959. 
_ N.V.H. Hartog’s Fabrieken, Oss, The Netherlands. : 
‘Federal Meat Industry Institute, Kulmbach, 
Low Temperature Research Station, — fo 


REPORT PREPARED BY THE MEAT PRODUCTS SUB- COMMITTEE 
Nitrogen Content of Rusk Filler 
THE Analytical Methods Committee has received the following Report from its Meat Products. 
; Sub-Committee. The Report has been approved by the Analytical Methods Committee and 


‘The Sub- Committee for the of the as 


a Dr. S. M. Herschdoerfer (Chairman), Mr. S. Back, Mr. P. O. Dennis, Mr. J. R. Fraser, 
Dr. R. A. Lawrie, Dr. A. McM. Taylor ar and Mr. E. F. Williams (deputy, Mr. A Rm Hornsey), 
- Although various types of cereal filler, ¢.g., rusk, bread and rice, , can be used in the 
- manufacture of sausages and some other meat products, the general practice nowadays is 
_ to use rusk, and this Report deals only with the correction to be made for nitrogen in this 
a of filler. No correction for nitrogen is made when the filler consists of potato starch* 
1952, the Analytical Methods Committee recommended that, in ‘calculating the 
results of analyses, a figure corresponding to 2 per cent. of the dry carbohydrate plus the 
crude cellulose should be deducted from the result for total nitrogen to allow for nitrogen 
- <y in the cereal filler. However, in view of the wide range of nitrogen contents of 
flours, this figure of 2 per cent. would appear to correspond to rusk flour of the lowest protein — 
content. _ Values for analyses of rusks recently submitted by rusk manufacturers indicate ] 
=_—_ contents ranging from 1-9 to 2-6 per cent. (calculated on dry carbohydrate), = 
In this event, the Sub-Committee recommends as the best compromise a figure of 2-3 per 
_ as the correction for “'. in ~ rusk filler ; this figure corresponds to the average 


Analytical Methods 1982, ad 54 
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B. H ALFRAMAN AND A. 
of Sint and Industrial Laboratory of the Government Chemist, Clement s Inn 


ae. tative spectrophotometric method for determining from 1 to 10 p.p.m. of — oh ad 
if furfuraldehyde in hydrocarbon oil (by formation of the addition compound 
_with aniline acetate) and a gas-chromatographic identification of furfuraldehyde 
BY after extraction from ee oil as the aldehyde - bisulphite compound 


In accordance with Statutory Instrument No. 1127, 1948, made under the Motor Spirit oe 
(Regulation) Act, 1948, chemical markers were added to petrol intended for commercial use. 
The markers included a red dye so that visual inspection of the petrol was sufficient to show | 


for which class of road users it wasintended. Petrol in the tank of a vehicle could be sampled Le “f 


by the police, and a colorimetric test performed at the roadside for one of the markers; if | 
this test was positive, a sample was taken for further tests in the laboratory to establish : 


the presence of “‘red” petrol. Quantitative work was not necessary, and although some was og 


carried out no reports on it were published. The same problem is now posed by ‘ ‘diesel oil” 
and ‘‘gas oil,” which are often identical in composition, but have different uses. Diesel oil, S 
or DERYV, is used as a fuel for diesel-engined road vehicles and, as such, attracts duty 
a road fuel; gas oil is used in gas manufacture and as a fuel for stationary diesel- engined 
machinery and therefore attracts no road-fuel duty. It has been decided to mark oils of this 


The m markers had to be: selected with care, and five requirements had to be ‘satisfied — 


a aC i) Ara rapid and simple ‘colorimetric test, with the minimum of apparatus, for use at 
An accurate quantitative method of determination for laboratory use. 


) 
ys 1) Positive identification of the 


recovery processes used by the oil companies are highly efficient. is 

interest to remove traces of furfuraldehyde, as these cause discoloration due to oxidation. 

In more than twenty samples of gas and diesel oils obtained from various different companies 

and depots throughout the United Kingdom, furfuraldehyde was in all 


the necessity for glassware and solutions. Aniline acetate was found to be the most sensitive 7 


= 


_ An ideal roadside test is one in which an impregnated pa paper is used, ‘thereby obviating ie 
{ 


colour reagent for furfuraldehyde, but was unsuitable for impregnating paper, owing to its 
instability in the absence of excess of acetic acid. However, if spots of the aniline acetate _ 
reagent solution were placed on the strip of filter- -paper just before immersion for a few _ 
seconds in an oil containing furfuraldehyde, a red colour was produced ; this colour reached _ 
maximum in n about 15 seconds and then faded. By this: method, 2: 5 p.m. of 
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HARRISON, PALFRAMAN AND ROSE: DETECTION, "DETERMINATION. AND [Vol. 86 


furfuraldehyde were just detectable i in a pale oil 10 p.p. m. in a dark oil. As the 
limit was 1 p.p.m. in pale or dark oils, this technique was abandoned i a favour of that a 


ysed it 


Aniline acetate solution—Dissolve 100 ml of analytical- reagent a in value 


“4 
of glacial acetic acid. the solution in a dark-coloured bottle. 


Place 1 ml of aniline ‘solution and 15 ml of the suspect gas oil in a 
- @ inches x 0-75 inch), invert the tube three times, allow the layers to separate, and observe the gt 
the colour of the lower layer. A bright red colour indicates the presence of furfuraldehyde; is line 
a negative'test results in a yellow-brown lower layer. With dark-coloured oils, the result is J equiv 
sometimes easier to see if the tube is emptied, when some of the acetic acid phase adheres § the a 
to the glass, leaving a red film if furfuraldehyde is present. With this test, ‘concentrations maxi 


of furfuraldehyde down to 1 p.p.m. can be detected in pale or dark oils, equivalent toa dilution cause 
of one part of marked oil with nine parts of unmarked oil. The lower limit in a pale oil is § the g 
0-2 p.p.m., which results in a pink colour rather than bright red. The colours produced witht 


Several methods for determining furfuraldehyde in oil have been described, 1to5 and 
_we have modified that of Milner and Liedermant to give a rapid method having the required | i 4 
accuracy and involving use of the minimum amount of sample. The method proposed is. a. 

- designed for the range 1 to 10 p.p.m. . of furfuraldehyde, but can be extended to determine “do 
_ higher concentrations by dilution of the oil containing the furfuraldehyde. fort 


Difficulty was experienced in extracting the furfuraldehyde completely from the « oil, § conc 

yet maintaining the volume of solution sufficiently small for the production of a colour | °°" 

_ having an intensity suitable for spectrophotometric determination. It was therefore decided ] t}S 
to measure the colour of the Schiff’s base produced in the reversible reaction between fur- § 'S¥ 
furaldehyde and aniline acetate im situ in the oo. == 
As aniline acetate in glacial acetic acid is immiscible with | gas s oil, a di a diluent was needed, § st 
_ and toluene was used instead of benzene on account of the toxicity of benzene vapour. When ] °% t 
the diluted gas oil was mixed with the aniline acetate solution, a red colour developed, increas 


ing to a maximum and then fading; this process was followed with a spectrophotometer. 


_ The maximum optical density attained was a function of the concentration of furfuraldehyde 
in the gas oil, and the time within which the maximum was reached was also dependent 
on the concentration of furfuraldehyde, being about 2 to 3 minutes for concentrations of 
“¥ to 10 p.p.m. and 1 to 2 minutes for concentrations below 1 p. P. 
‘a 


‘ Standard fur furaldehyde a solution containing 0:5 per w/vof 
freshly distilled furfuraldehyde in gas oil prepare a solution containing 10 p.p.m. of fur- t 
By pipette, place 5-0 ml of gas oil in a 25-ml calibrated flask, and add 7 to 8 ml of toluene. 
(Larger aliquots of gas oil cannot be used, owing to immiscibility with the reagent.) From 
a pipette having an automatic filler add 10-0 ml of aniline acetate solution, and dilute to the 
mark with toluene. is Invert the flask, shake to mix the contents, and rapidly transfer a 7 
few millilitres to a parallel- -sided 1-cm cell of a Unicam SP600 spectrophotometer or similar 
instrument. Use as blank solution 5-0 ml of the same gas oil plus 20-0 ml of toluene. Set 7 
the wavelength scale at 520 my, follow the optical density until it attains the maximum, 
and record this figure. Plota graph of optical density against concentration of furfuraldehyde — 
_ from measurements made on pairs of aliquots, one being t: treated with reagent and the other | 
4 diluted with toluene a as blank. 


a 
a 
be 
‘ 
4 
% am f 7 
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The ‘solution exhibits slight absorption at 520 mp, the concentration 
used in the procedure described above giving, when fresh, an optical-density reading of 0-004 
(equivalent to 0-07 p.p.m. of furfuraldehyde). This reagent darkens to a yellow colour © 
within 24 hours and must therefore be freshly prepared each day, so that, when the blank 
value just mentioned is used, the correction is within the limits required. The use of the 
gas in the blank compensates for any colour in the oil. 


i: a If furfuraldehyde i is dissolved in toluene instead of gas oil and alii is used as s blank, — 
the graph of optical density against concentration of furfuraldehyde in the range 1 to 10 p.p.m. _ 
is linear and passes close to the origin. With a solution of furfuraldehyde in a gas oil and an 

} cquivalent amount of the same gas oil in the blank, a similar plot gives a graph following 

| the above within 0-1 p.p.m. up to 6 p.p.m. of furfuraldehyde and then deviating from it, the = i 

j maximum deviation being 0-7 p.p.m. at the 10 p.p.m. level. | This deviation is probably = a 
caused by the difference in the effects of gas oil and toluene on the equilibrium of the reaction, 

i the gas oil appearing to inhibit the decomposition of the Schiff’s base. To attain an accuracy — 

] within 0-1 p.p.m., therefore, the range 1 to 6 p.p.m. of furfuraldehyde should be used; dilution — 

. of the gas oil with a an n equal volume of toluene will peony! any result between 6 and 10 p.p. m. i 


SIABILITY oF FURFURALDEHYDE. IN 


4 “dosed” to the level of 10 p.p.m. of furfuraldehyde; ea were analysed immediately andat 
fortnightly intervals for 3} months to check the stability of the marker in the oils at this > 
concentration. Some of the results are shown in Table I, from which it can be seen that the 
concentration of furfuraldehyde does not vary significantly over 3 months, by which ll \2 
it is estimated that any particular batch of oil leaving a refinery ' will have been used. ai — 
results also show the effects of the gas oils on the equilibrium, the apparent initial concentra- 
tions of furfuraldehyde being in the range 9-3 to 10-1 p.p.m. It must be emphasised that these a 
results are outside the range of greatest acct accuracy a and we were intended Jed only to check the stability “ 


VARIATION CONCENTRATION OF FURFURALDEHYDE WITH 


INTERFERENCE— 


and Stated that the reaction was for the furfuraldehyde 

structure; methylfurfuraldehyde and hydroxymethylfurfuraldehyde reacted, but absorbed = 
only slightly at 520mp. These workers found that formaldehyde, acetaldehyde, tein ie 
and crotonaldehyde did not interfere, and we confirmed this. 4 ed. 
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of the identity of furfuraldehyde may 

— ‘be mean _ As the ultra-violet spectrum shows no fine structure, and infra-red analysis | 

is impracticable because of the small amount of furfuraldehyde present in a sample of 

marked oil, a gas-chromatographic technique was evolved. The detection of furfuraldehyde 

in the sample proved to be impossible, owing to the complexity of the chromatogram, so 

_ an extraction method based on formation of the aldehyde - bisulphite at was tried, 

as in Gent, Pomatti and Levin’s method.? 

Distillation assembly—Use an apparatus of the type recommended by the a a of 

Petroleum® for distilling petroleum products boiling below 370° C (IP123/58) 

>. ee Gas chromatograph—Fitted with an ionisation detector. — Use a column containing 20 p per 


Sodium hydroxide solution, 10 per cent. w/v, 


i 


~ Concentrate the furfuraldehyde by separately collecting the ‘first 6 ml of the 200 ml of 

distillate from the standard distillation carried out as recommended by the Institute of 
Petroleum (method C).6 Transfer to a 100-ml separating funnel, and shake for 5 minutes 

— with 10 ml Cr the 10 per cent. solution of sodium bisulphite. Allow the layers to separate, 

and run the lower aqueous layer containing the furfuraldehyde - bisulphite compound into 

-a second 100-ml separating funnel. To this solution add 10 ml of the 10 per cent. solution 

of sodium hydroxide to liberate the furfuraldehyde, and shake for 2 minutes with 5 ml of 
Wee free diethyl ether. Allow to separate, and reject the lower layer. Dry the neck 
of the separating funnel, pour the ether extract through the neck of the funnel into a suitable 
_ stoppered receptacle, add a little anhydrous sodium sulphate, and set aside for about 15 minutes. 

_ Inject about 50 wl (1 drop) of the anhydrous ether extract on to the top of the gas- 
chromatographic column, and record a chromatogram. Immediately after the chromatogram 
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é is complete, record a chromatogram for either pure furfuraldehyde or a suitable reference | 
“ised a whose retention time has been adopted as standard; in this laboratory, toluene is 


when a Pye argon chromatograph is used are— 


Detector voltage—2000_ for the 
Amplifier sensitivity— x 
& Argon input pressure—T to 10 Ib per ‘sq. inch. 
speed—9 inches per hour, 


4 
- ‘The retention time of furfuraldehyde on squalane at 50° C was found to be 1 06 relative 
to toluene (1-00), and, as these retention times were so close, it was considered desirable to 


ascertain whether or not the presence of toluene in gas oil could interfere with the identi- 
‘ fication of furfuraldehyde. ? Six san of oil, treated as shown i in Table II, were examined, 


with the results indicated, 

_ Toluene, when present in these samples, gave a peak ieee in size to that for fur- 

- furaldehyde, and this would represent a concentration of toluene in the sodium bisulphite 

extract of the order to be expected from the solubility of toluene in water. It was found 

_ that a second extraction with sodium bisulphite solution of the diluted ether extract was 

te to remove any toluene present after the first extraction. 
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September, 1961) IDEN 
‘In order to detect the minimum cumebetion of furfuraldehyde i in the ether extract, 7" 
a large sample was injected, thereby deliberately overloading the column with ether. . 2 
the peak for ether emerges almost immediately and is widely separated from the peak i 
furfuraldehyde, the resultant broadening of the peak for ether does not cause interference. a 
The concentration of furfuraldehyde in the ether solution was over thirty times that in the 
original sample of oil, and the minimum concentration detectable was found to be approxi- Ns 
mately 30 p.p.m. in the ether extract, _ corresponding to 1 p.p.m. in the original oil. Itis | 
therefore possible to identify furfuraldehyde ina a mixture of one ‘Part | of ‘marked oil with — 
Peroxide-free diethyl ether is used any stray chromatographic peaks, which 
- occur with analytical-reagent grade ether. Extraneous peaks (notably for toluene) were * 
observed on the chromatograms from time to time, probably by: the 


OF FURFURALDEHYDE PRESENCE OF 


N Furfuraldehyde~ 
in the extraction, must be kept e is -objec- 
tionable, as its retention time under the conditions used is similar to that for furfuraldehyde 
and the peaks may overlap if toluene is present in large amount; it is, however, unlikely to be 
present in gas oil. Chromatograms have been recorded for n- butyraldehyde, n-hexaldehyde, 7 ‘ 
n-heptaldehyde and 5-methylfurfuraldehyde, of which gives a of f interfering x 
_ This paper is published with the aaa of the Government Chemist, Department ot 
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Milner, O. and Liederman, ‘D., Chem., 27, 1922, 
Gent, L. L., Pomatti, and. Levin, H., Ibid. » 1954, 26, 413. 
3. Woelfel, w. C., Good, W. D., and Neilson, Cc. A A., Petroleum Engr., 1952, 24, C42. cr 
4, Javes, A. R., ‘Proc. Amer. Petroleum Inst., 1949, 29M, 
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Identification of ‘Quinizaria in in Hydrocarbon Oil 4 

ARRISON anp L. T. HEAYSMAN 


(Department of Sci of Scientific a ae "Industrial Research, Laboratory of the Government Chemist, Clement’s Inn — 


= _ A colorimetric method for detecting quinizarin and a spectrophotometri 


method for its identification and determination in concentrations from 0:2 to 7 


2-0 p.p.m. in hydrocarbon oil are described. a 


: In connection with the marking of heavy oils t to distinguish between duty-paid oil for road os, 
vehicles (DERV) and duty-free oil for other purposes, quinizarin was chosen as one of the a 
“a Faye as it fulfilled the necessary conditions stated by Harrison, Palframan and Rose = 

4 

PRO! 

_ Arrapid test for quinizarin in. solution can be cz carried out by dipping the end ofa a the 

- graphic column of alumina into the solution. Quinizarin is adsorbed in a band well defined J 4 
by the formation of a red lake. With a solution in gas oil, however, the combined effects Ext 
of the colour of the oil and the low concentration of quinizarin made this technique of little 45 s 
“he The method described below for the roadside detection of quinizarin depends | on the hyd 
- colour produced in alkaline solution. When a gas oil containing 2 p.p.m. of quinizarin is Qui 
shaken with an aqueous solution of sodium hydroxide of any concentration between 1 and be ¢ 
30 per cent. w/v, quinizarin is extracted from the oil and produces a blue-violet colour in unt 

- the aqueous phase. Stability of the colour increases with increasing concentration of sodium — 

_ hydroxide, and is sufficient for a visual test for up to 30 oe — a 1 per cent. w lv solv 


METHOD 


solution of alkali i is used. 


Sodium hydroxide s solution, 1 igo cent. w/v, aqueous. 
‘ PROCEDURE— 


Pour 15 ml of the gas oil into a stoppered test- tube (6 panne x 0-75 inch), _ and shake 


ur 
_ for approximately 15 seconds with 2 ml of the sodium hydroxide solution. Allow the dis- 4 7 
j persion to separate into two layers (this may take 2 or 3 minutes), and observe the colour 
of the lower aqueous phase; a blue-violet colour indicates the presence of quinizarin. The} 
_ test works well for the chosen concentration of marker (2 p.p.m.) and for a dilution of one § usu 
part of marked oil with one part of unmarked oil. For a dilution of one part of marked oil § five 
with four parts of unmarked oil, the colour is not easy to see in a pale oil and impossible to J not 
_ see in a dark oil. The sensitivity of this test can be increased by aia a larger volume of § ifa 
of 

oil 


oil, but the same volume of sodium hydroxide solution. = = idle) 
DETERMINATION OF QUINIZARIN 


An ahaa was made to utilise the blue-violet colour produced with alkali as the basis 

of a quantitative spectrophotometric method, but several difficulties were encountered. | 

- Straightforward extraction of quinizarin from a marked gas oil by an aqueous solution of f 
_ sodium hydroxide, with n-butyl alcohol to prevent emulsification, Tesulted in a solution that 
4 was not optically clear, owing to entrained droplets of oil. _ Acidification of this extract, 
- subsequent extraction with 1 diethyl ether, chloroform or light petroleum and —_ re-extraction 
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fugation of the separated aqueous layer gave an optically clear solution, which, when spectro- _ 
photometrically examined, was found to have an absorption maximum at 560 my, but the | 
colour was not completely stable; further, different gas oils gave different colours varying ve. 
- During work on the problem of positive identification, the ultra-violet - visible spectrum __ 
of a 0-001 per cent. w/v solution of quinizarin in cyclohexane was plotted with an automatic — 
tee recording spectrophotometer. A characteristic curve was produced having: five peaks at _ 
vel 463, 476, 487, 508 and 521 my; those peaks at 508 and 521 mp were extremely well defined. 
It was found that this method could be applied to the determination of quinizarin in marked 
samples of gas oil, thereby avoiding the difficulties mentioned above and giving results of __ 
greater accuracy than those obtained when the coloured ‘was examined 


Rose} Sodium solution, 5 per cent. w/v, aqueous, 


: 
ethod = Shake 50-0 ml of the gas mas ol smn to contain qu quinizarin swith 5 ml each of the _— a 
~ | hydroxide solution and n-butyl alcohol in a 100-ml separating funnel for 45 seconds. When ora 
nato- | the two layers have separated (this may take several minutes), run the aqueous phase into a 
# a second 100-ml separating funnel, and wash it through with about 2 ml of distilled water. 7 
ffects | Extract the gas oil with a further 5 ml of the sodium hydroxide solution by shaking for - 
little | 45 seconds, allow the layers to separate, run the aqueous layer into the second — ; 
_ | funnel, and wash through with water as before. Repeat with a further 5 ml of the sodium 
n the | hydroxide solution, and, after separation, add the aqueous layer to the previous extracts. 
rin is} Quinizarin forms a blue-violet colour with sodium hydroxide, and the third extract should 
1 and § De colourless; if iti is not, extract with further 5-ml of the sodium solution 


w/v solution has cooled, add, pipette, 10- ml of pure and shake 
| “'" I for 30 seconds. After separation of the two layers, run the aqueous layer to waste, and — 
_ | use a clean dry pipette to transfer the amber-coloured cyclohexane solution to a stoppered 
parallel-sided 1-cm cell of an Optica automatic recording spectrophotometer. With pure 
cyclohexane as blank, plot the absorption spectrum from 420 to 540 mp; use the peak at 
521 my for determining quinizarin, as this is the most pronounced peak and is also furthest 
away from any possible interference from components of the gas oil. Prepare a standard © 
curve by using a 0-001 per cent. w/v solution of recrystallised quinizarin in spectroscopically — 

Complete absorption dt ‘us to components of the ¢ gas oil carried over in the separations — 


usually occurs at wavelengths shorter than 420 mp, but there is no interference with the 
five peaks produced by quinizarin. _ Since the quinizarin used to mark gas oils is of the quality __ 
normally available on the market and not specially purified, a more realistic result is obtained - 
if an average absorption figure is taken as standard. Accordingly, 0-01 per cent. w/v solutions 
] of quinizarin from different sources were prepared in cyclohexane and used to mark a gas 
oil at the level of 2-0 p.p.m. The 0-01 per cent. w/v solutions of quinizarin were also diluted — —_ 
‘| to 0-001 per cent. w/v, and these solutions were used directly in the spectrophotometer. — 
| The aliquots of marked gas oil were extracted by the proposed procedure, and the optical  —_— 
densities of the cyclohexane extracts at 521 mp were compared with those of the 0-001 per an 
cent. w/v solutions of quinizarin; the results were— 


Optical density of 0- 001% wv solution in 
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4 from: which it ‘can be seen that the e extraction process is satisfactory. 

The mean optical density of the 0-001 per cent. w/v solutions of quinizarin is 0-243, 
_ and there is a linear relationship between optical density and concentration of quinizarin, 


“ _ In Table I are listed the results obtained when the proposed method was applied to 
d 


ifferent oils marked at the level of 2-0 p.p.m. of quinizarin; the mean figure of 0-243 for the 
optical density at 521 my was taken as being equivalent to 2-0 p.p.m. of quinizarin sth pale 
oil has a colour equal to or less than NPA 1, and a dark oil has a colour equivalent to NPA 35 

OF 2 p.p.m. OF QUINIZARIN FROM VARIOUS ous 


Oil No. colour of oil 521 mp 


_ 


as The sepentabiity of the method i is within 1 per cent. The result of an extraction from 
a pale oil is within 2 per cent. of the correct amount, a the result of an extraction from 
a dark oil may be high by up to 8 per cent. This was found to be caused by absorption from| 
components of the gas oil carried over in the separations. All gas oils absorb slightly in 
- range 460 to 540 mp, and the darker the oil, the greater is the absorption. In the 

_ laboratory, where the unmarked oils were available for blank determinations, a correction 
could be applied, and this brought all the results to within 2 per cent. of the correct amounts. 
However, in practice, unmarked oil is not available, and no method of producing a satis- 

_ factory blank from the marked oil has been found. When this is taken into account, together 
with the fact that samples of quinizarin from all the manufacturers in the United Kingdom 
varied in purity by 4 per cent. from the mean value, the proposed method will in the worst redur 
circumstances give a result within 10 per cent. of the amount present ; for a pale-coloured oil, 
the result will be well within 5 per cent. of the amount present. 

During the extraction, the colour in the sodium hydroxide solution may change from 
blue-violet to blue or fade completely, but this does not affect the determination. The 

method is satisfactory for concentrations of from 0-2 to 2-0 p.p.m. of quinizarin in gas oil 
and therefore can be used for a mixture of one part of marked oil diluted with nine parts 
of unmarked oil. The stability of quinizarin at a concentration of 2 p.p.m. in gas oil is good; 
determinations at ‘the time of preparation of a dilution and 3 months later gave identical 
IDENTIFICATION OF QUINIZARIN, ta 


five at 463, 476, 508 and 521 r my. ‘produced by the spectrophotometric the 
analysis are used to identify quinizarin. Other dihydroxyanthraquinones absorb in this ij 
region, but they can be easily distinguished from one another. The 1,2- and 1,5- isomers [thi 
have only two peaks in this region, and these occur between 400 and 440 mu. _ The absorption trez 
‘spectrum of the 1,8- isomer is similar to that of quinizarin; it has five peaks, each occurring ff 
at a wavelength about 50 my shorter than the corresponding peak for quinizarin, but the 
by near 508 and 521 my are not at all well pronounced, as they are for quinizarin. Meek 
and Watson* reported on the spectrophotometric curves of six other polyhydroxyanthra- Bxct 
_ quinones, none of which can be confused with that of quinizarin. It is possible to see the [fhe 
typical structure of the spectrophotometric curve even when the extraction is made from a fi-.v. 
_ gas oil containing 0-2 p.p.m. of quinizarin, t.e., a dilution of one part of marked oil withi 
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termination of Diquat | Residues in Potato T 
By A. CALDERBANK, CLARE B. MORGAN anp S. H. YUEN 


of diquat after concentration and cation- 
mm) chromatography. Correction for extraneous background absorption from 
natually occurring plant substances is made by using a “‘base line’’ method 
7 of calculation. The method has proved extremely reliable for determining las 
traces of in potato tubers harvested from crops sprayed in the field. wy f ont 


DiQuAT, 1,1’-ethylene-2, 2! -bipyridylium dibromide monohydrate (I), formed by 


ig. 92,2 2'-bipyridyl with ethylene dibromide, is the active ingredient of Reglone, a new herbicide - 
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and desiccant!» recommended in the United Kingdom for destroying potato haulm. - 
one of a group of quaternary bipyridylium salts ; whose | herbicidal sie ined depends on their — 


freduction in plant tissue® 


"After application 
and the plant is comginanes desiccated when ‘the crop is harvested 10 to 14 ded later. By. 
Although diquat is known to be translocated within the plant, initial experiments indicated 
that only minute amounts of the compound were transported to the tubers. However, 
for the purpose of assessing possible hazards to the consumer, it was essential to confirm 
this by precisely determining concentrations present in the tubers after recommended field 
treatments. It was therefore essential to develop | a reliable, , sensitive and specific a 
_ Diquat carries two positive charges, is highly polar and cannot be extracted into water 
immiscible organic solvents. However, owing to its cationic nature, it is retained on a cation- 
exchange resin when a dilute aqueous solution is allowed to percolate through the resin. = 
he diquat can be displaced from the resin by a high concentration of an inorganic cation _ 
se H+, Na* or Ca**+) and collected in a much smaller volume of solution, == he, 

*’Diquat i in solution is easily reduced* with sodium dithionite, by transfer of one one electron, ; 
9 give a water-soluble and relatively stable free radical + ane an intense green colour. 
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Fig. spectra of an aqueous solution of 
diquat: curve A, before reduction; curve after 


method for the 

When potato-tuber extracts are ‘toc cation- “ander 
the conditions necessary for concentrating diquat, the resulting effluents invariably contain 
small amounts of cationic plant constituents. at also exhibit ultra-violet absorption 
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- 
) a on Solutions of the Tree radical exhibit a sharp absorption peak at 5/8 my (see Fig. 1); this peak 
ee a is of a greater intensity (e = 28,000) than that of unreduced diquat at about 310 mp 
Fig. 2. Absorption spectra of ion-exchange effluents 
“hydrolysates of 1kg of potato tubers. Broken-line curves are @ nol 
for tubers containing no diquat and full-line curves for tubers of 
te containing 0-4 p.p.m. of added diquat: curves A and B, before cor 


both before an ont alter but the ‘this a is abeorption is relatively less more 


‘Biinear in the region of 378 mu than at 310 my (see Fig. 2). For this reason, as well as forthe _ 
additional sensitivity attained, it is more advantageous to determine diquat ia such a solution 
by making measurements at the longer wavelength after reduction. Correction for the i 


. small amount of absorption from plant constituents can then be mathematically applied by 


. This : meunane has the advantage of obviating the need for analysing control samples from ae 


_ Other methods of determining diquat, e.g., by spectrofluorimetry,® are inapplicable when 
small concentrations of the compound are to be determined in potato-tuber extracts, owing — 
to interference from naturally occurring cations. The reduction method has the additional © 


EXTRACTION: ‘OF DIQUAT FROM POTATO 1 ‘TUBERS— 


including starch, activated carbon and soils. It seemed likely, therefore, 
any diquat translocated to the tubers would be adsorbed on the starch or might even be — 
occluded within the granules while deposition of the starch was proceeding. It was therefore 
clear that hydrolysis of the starch would be necessary in order to free any adsorbed diquat © 
residues before the determination could be attempted, and this was confirmed by experiment. — 

_ Hydrolysis of a potato-tuber macerate by N sulphuric acid showed that hydrolysis of 
starch, as measured by the increase in concentration of reducing sugar,’ was substantially _ 
complete after boiling for 1} hours. _ Hydrolysis of cell-wall polysaccharides probably con- 
tinued beyond this stage, and there was a gradual increase in the ease of filtration of the — 
hydrolysate after more prolonged boiling. A 5-hour period of boiling had the advantage of 
completely hydrolysing hemicellulosic material, leaving a filterable residue and ensuring 
maximum release of any diquat residues. There was no errr loss of diquat in N sulphuric | 


acid heated under reflux for this length of time. 


CONCENTRATION OF DIQUAT ON CATION-EXCHANGE RESIN— 
‘The acid hydrolysate of potato tubers is first neutralised with remove 
the large excess of hydrogen ions from solution before passage through the ion-exchange resin. 
Ethylenediaminetetra-acetic acid (EDTA) is also added in order to remove competing metallic — 
ions that have high affinity for the resin, and the solution is made slightly alkaline. This — 
procedure was found to result in a much ‘decreased background light absorption in the final 


range of Permutit cation- resins examined. could be eluted from this resin 
by a small volume of solution containing a high concentration of H+ (e.g., 5N “et sae oe ll 
acid) or other cations, such as Na+ or Ca?+. Reduction of diquat by sodium dithionite was 
not possible in acid or in the presence of Ca®+ ions, but proceeded satisfactorily in a saturated 


Recovery of diquat from the resin is reproducible, not 
recovery can be attained | by a volume of effluent, but 


Intermediate of the resin with dilute acid before the final elution vith: a 
sodium chloride solution was found to remove a large proportion of the interfering plant — 
material without eluting the diquat, thereby considerably increasing the sensitivity of the © ‘. 
When diquat is adsorbed on the resin from pure solution, the recovery under these 
conditions is 80 to 90 per cent. When diquat is added to a clear filtered potato-tuber hydroly- ore 
sate, which is then allowed to pass through the resin, the recovery in the sodium chloride 
effluent i is 60 to 70 per cent. This suggests that further loss of diquat occurs owing to its 
non-quantitative retention by the resin in the presence of a relatively large volume (1 litre) _ 
of potato-tuber hydrolysate. The cationic naturally occurring plant substances possibly — 
compete with diquat cations for negative sites on the resin. 
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a ___ Reduction of diquat by sodium dithionite was found to take white’ as effectively i in 6x 
Ss sodium chloride as in water, but maximum absorption was at 379 instead of 378 mp. The 
~ light absorption of the potato-tuber constituents eluted by 6 m sodium chloride is much less in 
the region of 379 my than at 310 mp (where unreduced diquat has its absorption peak), 
The difference in sensitivity is clearly demonstrated in Fig. 2, which shows the absorption § 
" curves of the same mixtures before and after reduction . When sodium chloride effluents § susficic 
were reduced, it was necessary to neutralise the small concentration of acid present by using Bitions \ 
excess of alkali in the sodium dithionite reagent solution, and, after investigating different § of bac 
- _ relative concentrations of reagents, initial difficulties experienced with the instability of the of ma: 
4 reduced product were overcome by using a 0-1 per cent. w/v solution of sodium dithionite jary v 
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in 3N sodium hydroxide. . Under these conditions, reduced diquat is stable for a period 
‘sufficient to permit accurate measurements of absorption. 
Solid sodium dithionite can be kept under absolutely dry conditions without change, § necess 
a in slightly moist air it is rapidly oxidised. When stored in a closed bottle for several soluti 


were 1 


months, it gradually loses its reducing power, and it was found to be necessary to use frequent fin 3 » 

supplies of fresh material and also to reduce standard solutions of diquat with each experiment. J hove 

As well as being oxidised by atmospheric oxygen, aqueous solutions of sodium dithionite J that— 
na 


slowly decompose to form thiosulphate and bisulphite. Decomposition is retarded in alkaline 
solution, and, under the conditions selected for the determination (t.e., reduction of 10 ml of 
the diquat solution by 2-0 ml of a 0-1 per cent. w/v solution of sodium dithionite in 3 N sodium 
_ hydroxide, the excess of dithionite present was sufficient to continue reduction of a solution 
containing 5 yg of diquat per ml for up to 34 hours, after which the concentration of dithionite 
was too low to effect complete reduction. It was therefore considered advisable to ny 
Al ‘We found it necessary to correct for the slight absorption at 379 my contributed by 
both sodium chloride and alkaline dithionite solutions, and this was done by measuring 
the solution of reduced diquat against a blank mixture containing these reagents placed in the J DER! 
reference cell. The product of reduction of diquat in 6 M sodium chloride was stable for hour | | 
when measured against an alkaline dithionite - 6m sodium chloride blank prepared at the 93851 
same time. However, small errors were incurred if the reduced diquat was measured against J then 
_a fresh blank or a blank prepared a long time previously, as the diluted dithionite solution J obse 
remained stable for only about 20 minutes. For this reason, it was found advisable to prepare only 
al fresh blank at the same time as each diquat solution and to take readings 1 minute after | 
mixing the solutions (or as soon after as fossible) in order to minimise any slight errors due > 
% to different rates of decomposition of the dithionite in the blank and diquat solutions. Dre | 
When 10-ml aliquots of solutions of diquat in water or 6 M sodium chloride were reduced — 
4 by 2-0-ml portions of a 0-1 per cent. w/v solution of sodium dithionite in 3 N sodium hydroxide 
_ and the optical densities at 378 or 379 my of the resulting solutions were measured in 1-cm 
cells against similar blank solutions after 1 minute, the relationship between optical density 
and concentration was linear over the range 1 to 5 yg of diquat per ml. Beer’s law was 
_ obey ed, but the gradient of the line varied slightly on different occasions, owing to changes 
in the reducing power of the dithionite. For concentrations of diquat below 1 yg per ml, 
greater sensitivity was attained by using 4-cm cells. Under these conditions, the relationship 
between optical density and concentration was linear down to 0-2 pg of diquat per ml, and 
_ aconcentration of 0-1 ug per ml was just detectable. With a 4-cm light path, a concentration | 
of 1 anil of diquat per ml gave, after reduction, an optical density of approximately 0-32. 
‘The optical densities at 379 mp of ion-exchange effluents from | conte (untreated) potato. 
_ tubers increased on reduction with the dithionite reagent solution, often to the extent of 
_ about 50 per cent. Hence, certain naturally occurring plant substances, which are concen- Tse 
trated on the resin and eluted with the diquat, are reducible to give a product or products © | 
- whose absorption at this wavelength is greater than that of the unreduced forms. In mixtures | i 
containing diquat it is therefore impossible to ascertain the contribution of the plant — Th 
_ by measuring the optical density at 379 my before and after addition of the dithionite solution, 
in spite of the fact that unreduced diquat has zero absorption at this wavelength. Egle 
_ Equations were derived for calculating the absorption at 379 my contributed by reduced 


present in ion-exchange effluents also containing that contribute 
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is linear in the narrow wave- e-band chosen, and it eaitails accurate measurement of the intensity . 
lof absorption at three wavelengths. — ‘From these values are calculated the contribution of — 


SS jthe pure compound in the mixture (after having ‘measured the r relative” optical densities 
sak), | lof the compound alone at these wavelengths). | 
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The background absorption of reduced from potato tubers was found 
sufficiently linear in the range 375 to 385 my to permit application of this method, and equa- Re 
tions were derived in two ways to correct the composite absorption for the unknown amount _ Me 
of background material mixed with the reduced diquat. For equation (1), the wavelength — 
‘he § of maximum absorption for reduced diquat (379 my) was ; selected, together with supplemen- ie 
mite Btary wavelengths (375 and 385 my) on either side of the absorption peak. For equation (2) 
Tiod J were used 379 mp and supplementary wavelengths of 375 and 383 my, at which the optical — 
a . densities of reduced diquat in sodium chloride solution were found to be the same. The _ 
nge, Bnece ssary constants for the optical-density ratios of pure diquat were determined by reducing ~ i 
eral § solutions of diquat in 6 M sodium chloride (10 ml) with a 0-1 per cent. w/v solution of dithionite = 
tent Fin 3 sodium hydroxide (2 ml). The optical densities at the four wavelengths mentioned 
ent. Babove were accurately measured, ae from an average of ten determinations, it was found 
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il of 


hour and are observed optical densities of the mixture at 379, 375 and 


the 9385 my, respectively, and bg79, bg7, and bsg, are the background contributions to these figures, _ aay 
unst Fthen (Egz — (Egz5 — and (Egg; — bags) will be the contributions of diquat to the 
observed absorptions at these “raves are for diquat 


and = where m and c sili for the straight | line. 
32. eliminating the from these expressions— 
af 
| bars = — (379 — 375) 
-m 
t of " Substitution of these values for bags and Dggs in equations (i) and (it) and solving f for 
erial | The corrected value for the absorption | of diquat at 379 mp | is given ns 
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Tf. Eggs and Egg, are the observed | optical densities of the mixture at 375 and 383 my. 
at which ‘wavelengths the of reduced pure in 6 chloride are 


| 


1383 — 375 


at ~ 


37 


| 


Vi 


Optical density —— 


Wavelength 


Absorption sp spectrum of reduced 
_jion- effluent. Curve AOB represents the 
the: abe results and is a summation of the curves for 
the absorptions of reduced diquat (CED) and back- 
ground material (FGH), both of which are unknown. 
The absorption of reduced diquat is the same at 375 and 
383 my, i.e., line CD is horizontal, and line AB therefore 
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a it is clear that the precision of measurement must be greater than that required in the ~ di 
result. Measurements are made at wavelengths where the sbeorption curve falls 
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and it was considered advisable to re- bcdiast the wavelength settings between deeniinttions i 
on duplicate samples. This, in conjunction with the use of equations (1) and (2), gives oe a 
results for each sample, and these results serve as a check on each other and on any errors _ 
in measurement. Excellent replication has been obtained between duplicate observed optical — 
densities when using this method, and the agreement between the corrected absorptions . 
calculated from the two equations is usually within 10 per cent. _ De oa, a 
_ Obviously, the limiting factor in the accuracy of the method is the degree of linearity 
of the background absorption. This has been examined for numerous samples of potato 
tubers of Majestic, King Edward and Redskin varieties, and for all samples the absorption 
was nearly linear in the range 375 to 385 my under the conditions described for the deter- 
mination. Any significant deviations from linearity should be detected immediately by — 
increased differences between the results calculated from the two equations. If the difference © 
| is large, it is advisable to use control samples of plant extract alone in order to Getert any 
serious deviations from linearity, since, in this event, the equations would be invalid. 
fact, when the equations were applied to effluents from untreated tubers, spurious low results 
were found in a few instances, comeapeneing: to ore: diquat contents of less than 0-01 
p.p-m. in the tubers, 
The accuracy of results calculated by u using ‘equations (1) and (2) has been confirmed 
by (a) applying the equations to solutions of pure diquat in 6 m sodium chloride, which gave 
results of 100 per cent., and (6) adding known amounts of diquat to ion-exchange —_ 
| containing plant material from untreated tubers, which gave results of 92 to 100 per cent. 
The method of calculation described has the particular advantage of rendering un- 
necessary the analysis of control samples from untreated tubers. Not only does this decrease 
the amount of labour required, | but it also eliminates substantial errors, since variation in 
the chemical composition of biological samples is such that control and treated samples 
rarely have exactly the same content of interfering material. It also provides a method — 
directly applicable to commercial samples when no controls are available. $§ 
__ Diquat is extracted from ‘potato tubers by boiling them with dilute sulphuric acid, a 
the extract is neutralised and passed through a column of cation-exchange resin. Diquat — 
is retained on the resin and finally eluted by a small volume of sodium chloride solution. 
It is determined by measuring the optical density of the reduced solution in the region of 
379 mp, a being made for the irrelevant background absorption. 


M. acerator—A Top- Mercer Lt Ltd, was used. 

Boiling flasks—Flasks of capacity 2 litres fitted, » by means of standard ground-glass | 
_- Tubes for cation-exchange columns—Glass tubes, 40 to 50 cm long and 9 to 10 mm internal — 


“diameter, with taps (25-ml burettes are re suitable). Automatic- feed or flow-control devices 


‘Sulphuric acid, 18 N—Cautiously add, with ‘stirring, 1 litre of of concentrated sulphuric 
acid to about 1 litre of water, allow to cool, and dilute to 2 litres. j§|- | 
D: - _ Hydrochloric acid, 2 N—Dilute 175 ml of concentrated hydrochloric acid to 1 en 

Sodium chloride solution, approximately 6 m—Shake 400g of analytical- reagent grade 
chloride with a litre of water until the solution is saturated. 


Septe 


Cation- exchange vesin—Use Permutit Zeo-Karb 225 (52 to 100 mesh), containing 8 per per 
= “cent. of divinylbenzene, in the sodium form. — Pack the column by adding approximately 8 
3g of the resin to about 15 ml of water in the tube, so that the settled column, supported 
on a pad of glass-wool, is 5cm in length. Pack a small pad of glass-wool above the resin, 
_ allow the water to run away, and pass successively through the column at 2 to 5 ml per minute 
- 25 ml each of 6 M sodium chloride and water; the column is then ready for use. Keep the 
-Tesin covered with water or solution at all times. Use a freshly of new resin: 
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dithionite solution, 0- 1 per cent. w/v, in 3N is ith 
if unstable; it should be prepared immediately before use and on no account used after it has pa 

Stock solution, 250 ‘i p.m. —Dissolve 25 mg of pure diquat in 6 M sodium chloride, and on 
Solution A,  p-p.m. —Dilute 10 ml of stock solution to 250 ml with 6 sodium chloride. th 

one Solution B, ¢ 2-5 p.p.m.—Dilute 25 ml of solution A to 100 ml with 6 m sodium chloride. B) 
- Solution C, 1-5 p.p.m.—Dilute 15 ml of solution A to 100 ml with 6 m sodium chloride. trat 
— Solution D, 1-0 p.p.m.—Dilute 10 ml of solution A to 100 ml with 6 m sodium chloride. J” 
fe Solution E, 0-5 p.p.m. —Dilute 5 ml of solution A to 100 ml with 6m sodium chloride. § Cav 
_-- These solutions are stable under normal I laboratory conditions, b but 1 must not be exposed ted 

Con Take about 2500 g g -of tubers at random from the pee prov ided, wash free from soil, 

and remove surplus water with a dry cloth. 
fof: 
diff 
fore 

—_ the remainder of the 500- -g portion in the same way, and add the ‘macerated : pds cf to the § ex 


contents of the boiling flask. Rinse the macerator jar with 40 ml of water, transfer the 
_ rinsings to the 2-litre flask, and then add 34 ml of 18N sulphuric acid and a few drops of 
-capryl alcohol. Swirl the flask, support it on an asbestos-coated gauze over a tripod, attach 
a reflux condenser, and gradually heat with a bunsen burner until the contents of the flask 
boil gently. ~ Swirl the flask occasionally to prevent local overheating and charring, and allow 
the solution to boil steadily. Boil under reflux for 5 hours, and allow to cool (the mixture 
 Quantitatively transfer the contents of the flask to a 3-litre beaker, and neutralise the 
— of acid by adding 50g of powdered calcium carbonate in small portions; keep the 
‘suspension well stirred during the addition. (Add a further few drops of capryl alcohol 
during the addition of calcium carbonate to decrease the amount of froth formed. ) Add 
10g of anhydrous sodium carbonate, again in small portions, and stir to dissolve. Pour 
the suspension on to a Whatnian No. 5 filter-paper supported in a 16-cm Buchner funnel, 
a apply suction, and collect the filtrate in a 2-litre filter flask. Suck the residue dry, and wash 
_ it successively with two 100-ml portions of water ; allow the first portion to be sucked through 
completely before the second is added. Return the clear filtrate to the original beaker, 
_add 5 g of EDTA, and stir to dissolve. With use of a pH meter, adjust the pH of the solution 
to between 7-1 and 7-5 by adding small amounts of Nene sodium carbonate (a total 


Quantitatively transfer to a 1-litre separating funnel 


he iously prepared cation-exchange column. Adjust the rate of flow to between 7 and 8 ml J, 


per minute, and allow all the solution to percolate through the column. Then, at the rate | 
of about 2 ml per minute, allow 25 ml of water, 50 ml of 2 nN hydrochloric acid and 25 ml 
of water (in that order) to percolate through the column. (The process can be discontinued | 
overnight at this stage, provided that the resin is covered with a small volume of water. > 
_ Run the water from the column, and elute the diquat by passing 25 ml of 6 M sodium 

_ chloride through the column at about 1 ml per minute. Collect the effluent i in a 25- ml 
calibrated flask, and adjust the volume to 25 ml with effluent. in 


By pipette, transfer a 10-ml aliquot t of toa 25-ml stoppered cylinder, add 2-0 ) 

_of sodium dithionite solution, and mix. Within 15 minutes of adding the sodium dithionite, | 

measure the aia densities of the solution at 375, 379, heed and 385 my in .4-cm glass cells cells. 
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ah a spectrophotometer ; use as reference solution a mixture of 10 ml of 6 M sodium chloride 
and 2-0 ml of sodium dithionite solution, prepared at the same time. beset Record t the ee 


optical densities at these wavelengths hte Eggs and Eggs), 
__ Measure in a similar manner, concurrently with ‘each series of determinations, ‘the o cated 


“a densities at 379 my of 10-ml aliquots of standard diquat solutions B, C, D and E, each reduced 
Same with 2-0 ml of sodium dithionite solution; use a reference solution prepared as indicated 

., (above. (Standard solutions containing higher concentrations of diquat must be prepared 
ride. Bi if the optical density recorded for the sample solution is greater than that of standard solution Be ae 
ride ba ). From these readings, construct a a graph relating optical d density < at 379 mp to concen- — 
ride tration of f diquat in parts per million. =, a4 


tion by means of equations and (2). Let the optical density equation 


Treat Let the mean of and be (mean corrected), and, from the 
o the & constructed calibration graph, ascertain the concentration of diquat present in the final — 
the & cfluent corresponding to this value. Let this concentration be Y p-p.m., and the 

ps of concentration of diquat in the sample (see. Note) from the the equation— 4 


Add _ Note—The amount i diquat present in the effluent does not represent the total amount in the — 
P 3 ‘sample taken for analysis, as there are losses at the various stages of the assay. The amount therefore | 
our has to be corrected by applying a factor dependent on the percentage recovery. . Before the method is" 
nnel, \ routinely applied, each operator must carry out a series of determinations on samples prepared ay a 
wash _ adding diquat at the appropriate concentration to unhydrolysed macerates of control potato tubers 
ough in order to ensure that a reproducible technique has been acquired. Also, during the routine analysis 
aker. of samples, recovery out in each of the varieties of 
Diquat is normally obtained pure as a crystalline pale- yellow monohydrate. It should — 


the be that the 1 ,1’-ethylene- -2,2 2’ ion is but 
m 


rate 
25 ml 
nued 
ater.) and be detected in ion-exchange efinents at a minimum concentration of 
dium } 0-2 pe per ml. Twenty-five millilitres of effluent are collected, so that this minimum = 


5-ml ff sents 5-0 pg of diquat, equivalent to a detection limit in the tubers of 0-01 p-p-m. Further 


sensitivity below this level is a limited by the a of anne cationic 


compounds present in the effluent. 
nite, In these laboratories, the average recovery in a series ie experiments by two operators 


was 59 per cent. This is shown in Table I, which ‘records recoveries of _diquat to 


chopped potato tubers from untreated plants ‘before the determination. 


—i 
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t has — 
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r i 
reduced pure diquat in 6 di 
sodium chloride is the same at 375 mp and 383mp, andthe 
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TaBLe I ts diqui 
ADDED TO 500- -g PORTIONS OF UNTREATED POTATO “TUBERS | appe 

Diquat 1 recovered by operator A Diquat recovered by operator B 
sites 


Equation (1) used Equation (2) used large 


Equation (1) used Equation (2) used 


0-031 0-026 55 0029 


0-060 62 0-056 59065 68 4.068 0-04 


p.p.m. 


% 


0-118 61 O119 «62 
0120 


_ Statistical analyses of these results showed that (a )t the mean difference between operators 

_ was not significant, (6) the difference between results obtained from the two equations was 
consistent, but small when compared with the difference between n experiments | and (¢) the 

‘ 4 error of a single determination was per cent. 


= Bute 1959, diquat was used for destroying potato haulm in extensive field trials at} 
ten independent sites in the United Kingdom in order to assess the residual levels in the § sho 
harvested tubers. In these experiments the rates of application per acre were from 1} to 4 lb § cha 
of diquat in 20 gallons of water. All treatments were replicated four times, and 10-lb samples § me 
_ of tubers were collected at random from each experimental plot. At least two of the four tog 
replicate samples were analysed by the proposed method, and recovery experiments were § ind 
carried out concurrently on the varieties tested. Some of the results are summarised in 
_ Table II. It was found that the diquat contents of the tubers increased with the rate of 
application, although not in direct proportion. At the commercially recommended rates, 1.¢., 
= ‘5 to 2 Ib of diquat per acre, the residues were less_ than 0-05 p.p.m. For control tubers, 
- the apparent- diquat contents obtained by application of the two equations were of the order 
q of 0-01 p.p.m. No correction for this was mace in the results for the treated tubers, which 


_were all less than 0-1 p.p.m. In the recov ery experiments with 0-048 to 0-24 p.p.m. of added 


] 


ior 

DiguaT RESIDUES 1 FOUND IN -PoraTo TUBERS AFTER FIELD TRIALS IN 1959 

‘The figures in brackets are the numbers of determinations made. pl: 

_ All results have been corrected for ‘Tecovery of 59 cent. 


5 Ib of diquat 2 lb of diquat 


_ Variety of potato no diquat, ‘per acre, 
Arran 0-015 (2) 027 (5) 0-025 (4) 
Majestic 0-012 (3) 0-015 (3) 0-020 (2) 
"Redskin 0-008 (2) 0-023 (5) 0-034 (4) 0-091 (4) 
0-010 (2) 0019 (5) 0-023 (4) 0-088 (4) 
0-061 4 0-014 (8) 


standard error .. CON + 0-002 (9) 022 + 0-002 (18) 0-026 0-002 
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diquat, the mean recovery (+ the mean standard error) based on twenty-four determinations oa 
iwas 58 + 2-2 per cent., which compared favourably with that shown in Table I. There — 
Jappeared to be no sig nificant difference in the recoveries obtained for different - varieties of — 
sites, with the object of comparing applications of 2 lb of diquat in small (20 gallons) and ~ 


large (100 gallons) volumes of water per acre; results for diquat found in the tubers are shown ae 


“e 


in Table III. From these results it is clear that, at the recommended rate of application - a 
of diquat, there was no significant difference between the residues found in tubers sprayed 
with the solutions - of small and large volume. Untreated controls had apparent-diquat ere 
icontents of the order of 0-005 p. p.m. , whereas treated tubers c contained Tesidues of about ee 


DIQUAT RESIDUES FOUND IN POTATO TUBERS AFTER APPLICATION OF 2 2 lb OF eteuat 


_ PER ACRE IN 1960 FIELD TRIALS 


= The figures i in brackets are the numbers of Grterminetions made. parece 


0-005 (4) 0-041 (7) 0-043 


004 0-001 ( 037 + 0-006 ( 0-040 + 0-005 a9 ad 


4 


als at# =sIn experiments with plants grown in boxes and sprayed with “C-labelled diquat it was 

n the § shown that the total radioactivity in the tubers could be completely accounted for as un- 

o 4 lb § changed diquat, residues of which were small (0-05 p.p.m.); the amount of any radioactive 
mples § metabolite of diquat translocated to the tubers was therefore negligible. This evidence, | - 
> four f together with the absence of detectable metabolic products of labelled diquat in the foliage, 


bee indicates that hazards to the consumer arising from the formation of toxic metabolites of — 
ed in 4 
With slight modifications to the procedure : for extraction and processing, the 
was found to be applicable to the determination of diquat in other crops, including ginned iA 3 
cotton seeds, onions and peas. Provided that the diquat can be successfully extracted from 
the crop, the main criterion of applicability of the method is linearity of the light- absorption 
curve in the region 375 to 385 my for reduced naturally occurring plant compounds in the | : 
‘We thank Mr. J. H. Dunn for his part in the early stages of the development of the _ 
nail and for helpful discussions. Dr. S. H. Crowdy, Mr. G. Douglas and Mr. M. G. Ashley 
planned the field trials, and Mr. Ashley supervised the subsequent analysis of the field samples _ 
and collated the results. — The technical assistance of Mrs. ee Pettifer i is also — 
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mens Method for x Determining ‘Indi dium by 


id Neutron Activation 


K. Atomic Energy Authority, Atomic Research Establishment, Harwell, Didcot, 


4 
method is described for determining indium in complex mixtures by 


neutron-activation analysis. The indium is rapidly isolated from other ‘ 

_ active components by passage through a column consisting of dithizone = a 

- am organic solvent retained on cellulose acetate. By this means, the high 

7 potential sensitivity afforded by the measurement 0 of the ot minute 

_ NEUTRON-ACTIVATION analysis is an extremely sensitive method for the quantitative deter- § | 

~ mination of many elements.! Nevertheless, the activity induced in a complex mixture during 

_ irradiation is likely to be due to a number of nuclides, and care must be taken to ensure that 

the radiation from the element to be determined can be distinguished from all other activity 
_ present. It is sometimes possible to carry out measurements without prior chemical separa- 

tion by correcting for interfering radiation after analysis of the decay curve of the sample, 
3 by excluding unwanted radiation with use of gamma-ray spectrometry or by choosing irradi- 

ae and decay times so that, at the time of measurement, the activity of the sample is 


due solely to the element being determined. . Usually, however, chemical separation is 
_ effected to achieve radiochemical purity, and a known amount of inactive carrier is first added 

to avoid microchemical manipulation and to permit assessment of the chemical yield. If} 
this separation is lengthy and the half-life of the activity being measured is short by com- 
_ parison, sensitive determination may be precluded. Further, the more complicated the 
y. i separation technique, the greater will be the likelihood of low over-all chemical yield, and 
associated with this will be reduced sensitivity. It is therefore desirable that the method 
of separation should be as rapid and simple as possible. DY 
_ A sensitive method for determining indium is by measuring the activity of the 54-minute 
- 48[n nuclide, which could be expected to give an ultimate sensitivity of 5 x 10-™g after 
_ irradiation for one half-life in a flux of 10! neutrons per sq. cm per second (if an efficiency 
_ of counting of 10 per cent. and 10 counts per minute above background are assumed?). 
However, in view of the relatively short half-life of the isotope, samples must be rapidly 
_ processed if the high potential sensitivity of the method is to be exploited. The usual § ; 
- techniques for separating indium from complex mixtures, such as rocks or minerals, involve 
a number of precipitation and extraction steps,?* but it was thought that the separation 
could be considerably simplified by using a column consisting of a ‘solution of a chelating 
agent retained on a solid support. 


‘ 


Many chelating agents used extensively i in two-phase systems for extracting metals are 
hydrophobic and cannot be used in solid form as column material, since the rate of formation 
of the metal complex in the absence of organic solvent is exceedingly slow. Nevertheless, 
‘solutions of these substances can be used as stationary phase for column operation if they 
= retained on a solid support that holds them firmly enough to prevent them from being 
__ stripped off the column by passage of an aqueous phase and yet does not impede reaction 
_ between metal and complexing agent. Silica gel has been used to retain solutions of dithizone 
in carbon tetrachloride or chloroform, 4,5 but, as careful pre-treatment is necessary to obtain 
a gel of satisfactory form and purity, the possibility of using other support materials was 
investigated. It was found that a number of polymers could be “gelled” sufficiently with 
some organic solvents to permit appreciable retention of the solvent without causing the 
‘Separate particles to coalesce. _ The best of the polymers investigated, cellulose acetate, 
--‘Tetained dithizone dissolved in a mixture of chloroform and carbon tetrachloride so firmly 
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1961] 
§ into a column without stripping. Only when high  agevasian were used to increase the rate 
of flow did the organic solution leave the 
_ The ability of commercially available cellulose acetate to retain chloroform - carbon — 
q tetrachloride was found to vary considerably from sample to sample. Some cellulose acetates 4 
were capable of holding little organic solvent, which resulted in decreased extraction of the 
metal and poor separation factors, even under optimum conditions; the weight of gui: : 
B solvent on a satisfactory support was at least three times the original weight of the cellulose = 
Studies with indium tracer indicated that the element could be quantitatively extracted a 
from a variety of aqueous solutions buffered to a pH of approximately 5 if the indium solution _ 
was passed down a dithizone column of the type discussed above. The complex formed was _ 
sufficiently stable to permit the column to be washed with a number of aqueous phases of - 


diiferent compositions without dissociating the indium ‘dithizonate, N hydrochloric: acid 


The possible errors and limitations of neutron- activation analysis. for. determining indium 
have been discussed elsewhere? and will not be reconsidered here. The effectiveness of the _ 
separation of indium in a state of radiochemical purity from complex mixtures (a number 
of rocks and a meteorite) by means of a dithizone column was investigated. The purity of 
the indium activity isolated from the irradiated samples was assessed by comparing the © 
gamma-ray spectrograms and the decay curves with those of standards prepared from 
irradiated pure indium foil. The samples of rock used were a fayalite ferrogabro from the 
Skaergaard Intrusion, East Greenland (specimen collection No. E.G. 4327), the standard dia-— 
ple is § base W-1 from Centerville , Virginia, and the standard granite G-1 from Westerly, Rhode 
ion is § Island; the meteorite was the coarse octahedrite Canyon Diablo. 
- com- Fd About 100 mg of meteorite drillings or powdered rock were accurately weighed and 
d the | Sealed into silica tubes (4mm internal diameter). A standard solution of indium in dilute ee o 
|, and § Nitric acid was prepared from pure indium foil, ona iene of this solution, each containing ar 
ethod § 2bout 10 yg of indium, were also weighed and sealed into similar silica tubes. Samples and — 
_ fj standards were then packed together and activated in a flux of approximately 10” neutrons 


1inute | Pet Sq. cm per second for 1 hour. Analysis of the samples of meteorite and rock was begun b he 

ned’). Purified dithizone® was dissolved in a mixture of equal volumes of chloroform and pw in 2 7 a 

pidly tetrechlentdie to give a solution that was almost saturated. Cellulose acetate (16- to 22-mesh, _ - 

usual § in flake form) was placed in a beaker and stirred as dithizone solution was added to it until hi -. 

volve § 2 little free liquid appeared at the bottom of the beaker. Surplus solvent was removed by og 

sp stirring the support in a stream of air until a free- running powder was obtained, and this was | he q 

lating F then made into a slurry with a 2 N sodium acetate - hydrochloric acid buffer solution (pH 5) a { 

that had previously been equilibrated with chloroform. slurry was poured into” 
chromatographic tube of the normal type, and the cellulose acetate was held by 
placing a sintered-glass discon top of the column, 

Is are} , he satisfactory functioning of a column material of type is on the 

ville retention of an appreciable amount of organic solvent by the cellulose acetate, and great — a 


care must therefore be exercised not to over-dry the support before preparing the = " 
The columns used were approximately 2 2 cm in diameter and 20 cm in depth; 


Samples- of rock dissolved after being either heated to fumes with a mixture 
hydrofluoric, perchloric and nitric acids or sintered with sodium peroxide. With both | 
procedures, it was necessary to precipitate and remove all silica before passing » the Al 
through the column; this avoided separation of silica during passage « down the — 7 

which could decrease or even prevent flow of liquid. The more complicated method of _ 


solution, involving sintering with peroxide, is described under ‘‘Procedure.” ee 
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PIERCE AND PECK: A FOR 


‘carrier solution—Prepare a solution 4 mg of indium per ml in dilute 


Acetate buffer solution—Adjust_ the pH of 2 n sodium acetate to 5 by adding 
acid, sp.gr. 1-18, and saturate with chloroform. 
__ EDTA solution—Prepare a 5 per cent. w/v solution of the disodium s: salt of | ethylene- 
diaminetetra- acetic acid in water, and saturate with chloroform. 


-Perchloric acid solution, dilute—Saturate 0-01 perchloric acid with chloroform. 7 


Hydrochloric acid solution—Saturate aqueous N with chloroform. 
Oxine solution, 5 per cent. w/v, in 96 per cent. ethanol. 


_ Transfer the irradiated sample of rock from ‘the silica t tube used for the irradiation to 
a nickel crucible containing sodium peroxide, mix the two powders intimately, and heat in 
an oven at 480° + 10° C for 10 minutes. Remove the crucible from the oven, empty its 
be contents carefully into a beaker containing 5 ml of carrier solution, wash out the crucible, 
_and add the washings to the contents of the beaker. _ Add a few drops of hydrochloric acid, 
-sp.gr. 1-18, to obtain a clear solution, warm, and then add ammonia solution, sp.gr. 0-880, 
to precipitate hydroxides. — Separate the precipitated hydroxides from the supernatant 
liquid by centrifugation, discard the liquid, and dissolve the precipitate in the minimum 
q amount of 72 per cent. perchloric acid. Transfer the solution to a beaker, and heat until 
fumes of perchloric acid are evolved to precipitate all silica, 8 ts— 
__ Adjust the pH of the contents of the beaker to about 5 by adding 2 N sodium acetate, 
and filter through glass-wool into a 100-ml separating funnel. Shake the filtrate with | a 
_ few millilitres of chloroform to saturate the aqueous phase, discard the excess of chloroform, 
and allow the aqueous phase to run through a column of dithizone. Wash the column 
- with 50 ml of acetate buffer solution, 100 ml of EDTA solution and 100 ml of dilute perchloric | 
acid, and elute the indium with the n hydrochloric acid. — Collect 150 ml of eluate as soon as. 
hydrochloric acid begins to leave the column. 4 
Make the eluate alkaline with ammonia solution to precipitate oe hydroxide, boil 
to complete the precipitation, spin in a centrifuge, and reject the supernatant liquid. _ Dissolve 
the precipitated indium hydroxide in the minimum amount of hydrochloric acid, sp.gr. 1- 18, 
- dilute to about 25 ml, and add 3 ml of oxine solution. Warm to about 60° C, and add 
ammonium acetate solution to precipitate indium oxinate. Kr Spin in a centrifuge, discard the 
supernatant liquid, and wash the precipitate with hot 5 per cent. ethanol. Make the precipi- 
tate into a slurry with a little 96 per cent. ethanol, transfer the slurry to a weighed aluminium 
counting tray, and remove the ethanol by evaporation under an infra-red lamp. Weigh to 
determine the chemical yield, and measure the activity of the — with a scintillation 


REATMENT OF F STANDARDS— 


Transfer the standard to a 100- ml cz calibrated - flask with a little 50 per cont. v/v hy dro- 
chloric acid, and dilute to the mark with de-ionised water. Add a suitable aliquot of this 
solution to 5 ml of carrier solution, then add 2 ml of 72 per cent. perchloric acid, and heat 
until fumes of perchloric acid are evolved to achieve exchange between active and inactive 
indium. Dissolve the residue in water, and continue as described under “Procedure,” 
beginning at “Make the eluate alkaline with ammonia solution....” 
___ A separate series of experiments showed that the gamma- ray ‘spectrum and specific 
activity of oxinate by this were similar to those obtained when the 
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indium and precipitated as as hydroxide an and then t cated. 
under ‘‘Procedure,”’ beginning at “Separate the the 


After irradiation for 1 hour, the proportion of the total activity of a - sample eee was = 
| due to indium was extremely low. Consequently, it is probable that any failure of = 
| subsequent procedure to isolate indium from all other active elements would lead to a signifi- - ne 
cant contribution from impurities to the final measured activity. Differences would also sua 


a 1-09 MeV 1:27 MeV a 


% 


y- 


Intensit 


‘Fig. Typical gamma-ray a: curve A, curve” B, sample No. 4327 
ith 2} —s There are certain differences between the extraction of a metal from an aqueous p 
form, | by dithizone retained on a column of cellulose acetate and by dithizone dissolved in an organic — 
lumn — Solvent, but the over-all pattern of extraction appears to be similar. For example, the 
hloric ‘dithizonates most stable to acid in liquid - liquid systems are formed by metals such as P 
on as fem, mercury and. palladium, and these require the most concentrated acid for elution _ 
_ ff from a column of dithizone. Elements likely to interfere in the final determination and | 
boil | Which are extracted from the aqueous phase at pH 5 during the procedure and subsequently © 
‘solve § ¢luted by N hydrochloric acid are zinc and cadmium. The activity induced in these el ' 
1-18 §— after irradiation for 1 hour is considerably less than that of the indium, and any interference _ 
| add § {rom zinc and cadmium is further reduced by washing the column with EDTA solution, — 
d the | Which decreases the ratio of both zinc and cadmium to indium on the column. No trace 
of zinc was observed in the final measured activity, even for the diabase W-1, in which ey 
the ratio of zinc to indium exceeded 1000 to 1. 
__ The indium contents found when the proposed ‘method was 2 applied to v various samples 
of rocks are shown below, each result of three or more determinations. 

indium content, p.-p-m. O1 152 +0 <a 0-055 025 + 0-002 0-0 012 0- 001 


Decay curves of the indium derived from s: samples and standards indicated that 
indium had been isolated in a radiochemically pure state, and this was confirmed by the — 
gamma-ray spectrograms, for which the peak-height ratios calculated for the 0-406-, 1-09- 
and 1-27-MeV gamma rays were always similar for both standards and samples; examples J 
of typical gamma-ray spectrograms are shown in Fig. 1. 
_ The indium contents found by the proposed method compare favourably with those — 
previously reported for E.G. 4327, W-1 and G-1 (0-169 + 0-004, 0-064 + 0-003 and 0.026 
+0-002 p.p.m., respectively), which were obtained by measuring the “In activity after sep- 
aration any amore complicated procedure involving and ind solvent- extraction stages. 
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ION OF HETEROPOLY BLUE BY SOME REDUCTION 86 


7 he chemical purity of the separated indium was not hasta pe because of the 


always yellow, even for the meteorite, which contai 

all chemical yields depended on the rate of flow of the > liquid aie eae the column 

during extraction and elution and on the amount of solvent retained by the solid id phone, but 

yields were at least 50 per cent. and sometimes better than 85 percent. = aie wl 

_ The time taken for a complete determination was dependent on the time needed for 

solution of the sample, but, if a rapid result was desired, the indium in the eluate from the 

column could be precipitated immediately as oxinate, the precipitation as hydroxide being 
omitted. This permitted counting to be started less than 30 minutes after the beginning 
4q of the separation (treatment with chloroform at pH 5). However, tis bested to sda! yields, 
and the hydroxide precipitation is normally included. 


‘We thank Mr. A. A. Smales a and Mr. D. Mapper for wien discussion. 
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Reducing agents that react rapidly ; at room temperature have been com- 

_ pared with hydrazine sulphate, and generalities about the optimum concen- 
trations of perchloric acid, ammonium molybdate and reducing agents have 
been tested as functions of the wavelength of measurement. Changes in 
the ratio and concentrations of sulphite and bisulphite have been shown ll 

affect both intensity and stability of colour. — nature of the molybdo-_ 


THE production of “heteropoly ” is used for determining colori- 
‘metrically, and, in general, the conditions used by various workers for forming the heteropoly 
acids of phosphorus and molybdenum have been remarkably uniform. In the od 

- reduction step, however, there have been great variations in temperature and in the nature 
and concentration of reducing agent used. Moreover, the optical density of the molybdenum — 

blue has been measured at a variety of wav elengths, , and the large number of procedures | 

chemicals available can confuse an analyst inexperienced in the determination. __ 
_ An attempt has therefore been made to determine the nature of the heteropoly acid 
formed under standard conditions and to assess the virtues of some of the commonly used 
reducing agents and reduction procedures. On the assumptions that a uniform molecular — 
_ species is reduced and that reducing agents similar in chemical nature produce the same > 

_ heteropoly blue, 1,2 acid, p- -methylaminophenol — (Elon 
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or or Metol) and 2,4-diaminophenol dihydrochloride (Amidol) have been compared at constant c 
time, concentration and wavelength. (Throughout this paper, these compounds » will be © 
“referred to as ANS, MAPS and DAPH, respectively.) Further, the precision and accuracy — 
of the results obtained with colorimeters have been compared with those obtained with — 
_ The phenolic reducing agents were obtained from the Eastman Kodak Co., New York; 
“MAPS and DAPH were used w ithout further purification, , but the ANS was recrystallised. u 
before use.! The hydrazine sulphate and other inorganic chemicals used were of a analytical- > a 
reagent grade; sodium metabisulphite was used whenever sodium bisulphite was required. ae 
For calculating concentrations of perchloric acid, densities of 1-6 and 1- ‘5 were assumed for : 
the 70 and 60 or cut. = 
- Stannous chloride and molybdate - hydrazine sulphate solutions were prepared as 
required? Solutions of the phenolic reducing agents were allowed to age for 24 hours 
Petre a use and were discarded v when 1 week old; when not in use, the reducing ease ond were 
_ Standard conditions for comparing spectra of the unreduced and reduced forms of the 


=] 

= 


molybdate, 2-04 x 10° M orthophosphate, B16 x 10° M; reducing: ‘agent, 3 x 
in 40 x 10-*M sodium sulphite and 3-0 x 10-*M sodium bisulphite. 


spectrophotometric examination of the unreduced ‘complexes, 
the acidic solutions various methods were extracted with the 


Summerson colorimeter fitted with an S66 filter, calibrated Klett tubes (16 mm o.d.) being — 
used in both instruments. A Beckman DU spectrophotometer and a Warren Spectracord — 
equipped for repetitive scanning were also used. With the latter instrument, the solutions 
were scanned between 1100 and 550 my at 1 setting of 


each was by using a mercury lamp. 
IDENTIFICATION OF MOLYBDOPHOSPHATE COMPLEX 


Concentration of molybdate solution, 04 x 10- 02 x 10-2 69 x 10- 10-2 
Concentration of phosphate, 16 x vail 5-16 x 5:16 x 
ne 


Reducing agent used . bg MAPS ‘DAPH Stannous 


Concentration of reducing agent, 31 x x10 16 x 103 06 x 4-60 x 2-43 x 10- 
Wl» 1. Local variant of King’ s method. 1 


A comparison was made between the visible and ultra-violet spectra of the unreduced 
complexes prepared as and by Wadelin and 
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‘Because reaction conditions affect the type of molybdophosphate complex formed,” 1t  ###$ 
considered advisable to summarise insta the conditions used by the major 
proponents of the common reducing standard conditions described 
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SIMS: FORMATION OF ‘HETE ROPOLY BLUE BY SOME REDUCTION 


and under the standard conditions used in this investigation. The butanol - chloroform 

extracts of these complexes exhibited no appreciable absorption of light of wavelength longer 
‘en 400 my and all showed a broad peak at 310 to 315 my. When the aqueous solutions 
of the complexes were boiled for 10 minutes before extraction, the absorption at 310 my was 
decreased by about 90 per cent. and that at 265 my, near the “‘cut-off’’ point of the solvent, 
was increased by a factorof 2, 
From the similarity of the spectra of the satniial prepared as ¢ described by Wu? and 

of the complex prepared in this investigation to the curves reported by Wadelin and Mellon‘ 
for phosphorus 12-molybdate, it was concluded that the standard procedure used here pro- 
duced the dodecamolybdate complex. _ It was assumed, after a comparison of the experi- 
_ mental conditions summarised in Table | I, that the ‘other methods would also ) produce this 


OF -PHOSPHORUS 12- “MOLYBDENUM COMPLEX BY VARIOUS | REAGENTS 


Because little is known about the extent of reduction of the peripheral “molybdenum 
atoms of the complex, reference absorption spectra of the heteropoly-blue colours produced — 
e.: strong reducing agents were measured. Both stannous chloride at room temperature — 
and hydrazine sulphate at 95° to 100°C gave spectra having sharp peaks at 815 mp that © 
were skewed toward the shorter wavelengths. The molecular extinction coefficients of the 
complexes produced by the action of stannous » chloride and ee sulphate were, 

respectively, 2-64 x 10* and 3-23 x 10800 
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Fig. 1. Changes i in optical density of ANS- 


_ developed blue as a function of time after a 


mixing solutions. Measurements made at: 
A, 820mp; curve B, 720 myz; {curve 


660 m 
| 


salt The intensity of colour developed by phenelic: reducing agents is commonly measured 
: i 660 or 820 my, and to ascertain whether or not the use of either wavelength gave equivalent _ 
information, the spectrum produced by ANS was compared with those formed by MAPS 
and DAPH over a period of 1 to 60 minutes after the beginning of colour development. i 
In Fig. 1, the optical densities at three different wavelengths of an ANS-developed blue are — 
aan as a function of time after the solutions were mixed. After the first 5 minutes, the ? 
_ absorptions at 660 and 720 mp remained essentially constant for the remaining 55 minutes 7 
of the test; at however, the value continuously increased. Equivalent information 
Fs is shown in Fi ig. , in Ww fhich transmittance at three intervals of time is plotted asa function — 
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of wavelength. The blue. MAPS and DAPH were stable at 660 
2) mp, but the rate of change of optical ere at 820 my was only 10 per cent. of that | 


foot 
tise 


2. Repetitive of spectrum of ANS- "3 
developed blue: @, 2 minutes after mixing solutions; 
+ 21 minutes after mixing solutions; A, 56 minutes 


mp 720 mp me 


is 
Erect OF TIME ON OPTICAL DENSITY DEVELOPED BY PHENOLIC REDUCING AGENTS — 
The conditions used were: concentration of. reducing agent, 3-3 x 10-*M; 
concentration of perchloric. acid, 0-92 m; of sodium sulphite, 
10- concentration 


at at 660 Measrement a 00 my 


of absorption, density density of absorption, density 
units "after 


ANS x 10-# 0-812 27 x 10-8 0-352 x10 
DAPH (110 x 10° 1-3 x 0-278 1-4 0-279 
After development of colour for 10: ‘the coefficients of the three 
blues were as shown in Table II. That for the ANS-developed blue at 660 my, which was P 
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_ factor of 0-33 there no change in the shape of the absorption spectrum. . However, the in- 
creased concentration caused a change in extinction coefficient by decreasing the stability 
_ of the colour. Lower extinction coefficients, but unchanged a were the consequences 
of decreasing the concentration of MAPS. 
A decrease in the concentration of ANS in the reducing mixture by a factor of 0-33 
“left the over-all shape of the absorption spectrum unchanged except for a decrease of 10 per 
cent. in the absorption at 820 my; stability of the colour at any given wavelength was not 
When ANS, MAPS and DAPH were tested at ‘equivalent ‘concentrations under the 
e. ‘standard’ ’ conditions used in this investigation, all the resulting heteropoly blues were less 
_ stable than those produced under prescribed conditions; the results are summarised in 
Table III. The ANS- -produced absorption at 660 mp was as stable as the absorptions at 
820 mp dev eveloped by the other two phenolic reducing agents and was more intense. ay | 


o OF HEAT) ON DEVELOPMENT OF HETEROPOLY BLUE 


Beveridge and Johnson’s? tedeeinn sulphate system was chosen to give a reference 
spectrum for heated solutions. Reaction mixtures were heated at 60°C for 6, 12, 18 or 
yi --- minutes, and their spectra were compared with that of a solution containing hydrazine 
sulphate and that had been heated in a boiling-water bath for 5 minutes. The spectrum 
& of a mixture heated for 6 minutes was broad and flat; after being heated for 12 minutes 
at 60°C, however, the mixture had a spectrum resembling that of the boiled solution (a 
prominent shoulder-less peak at 820 my), and the spectrum of a mixture heated for 60 minutes 
exhibited 85 per cent. of the absorption (at | 820 my) of the boiled solution. At no time did 
the spectra resemble those obtained with MAPS or DAPH at room temperature. _ The 
absorption at 660 my of the boiled solution was 40 per cent. of its value at 820 mp. 


"Conditions 
Prescribed . ‘ 4 1-56 84 


=o Heating the reaction mixture has been considered a source of ony error.’ This 


time to determine the time of heating for optimum development of colour. With both 
_ ANS and MAPS, heating for longer than 7 minutes produced increasing differences between 
eS pair of samples. _ With ANS, heating for 6 minutes was sufficient, but solutions reduced 
MAPS did not achieve stability of before "disagreement between | duplicates 


P- to some extent confirmed when paired samples were heated for increasing lengths of | 


for 60 minutes, is to that a the: MAPS- deve 820 mp my compares 

“ well with the value for DAPH, provided that freshly recrystallised ANS is used. ‘ef 
ae _ Experiments were next made to determine the effect on the absorption spectra. of i: 
¥ changing the concentration of buffer or the reducing agent from the values commonly recom- _ 
_ mended in the literature. Any departure from the established conditions for a given reducing | F 
agent was reflected in the shape of the absorption spectrum and in the rate at which colour - 
was developed. For example, the rate of change of optical density at 820 my was doubled 
for ANS when the concentrations of sulphite and bisulphite were doubled. = | bef 

_ When the concentration of DAPH was decreased by factors of 12 and 120 (the concen- § ao. 
_- of buffer being constant), peak absorption was shifted from 720 to 820 mp and the ~ 
‘stability of the colour with time was reduced to half its normal value; however, optical density one 
at any of the wavelengths was increased by a factor of 1-1 for the 1-to-12 dilution and 12 7 
‘for the 1-to-120 dilution. The shift in peak absorption was most pronounced with the the 

_ When the concentration of MAPS was increased | by | a factor of 1-4 or decreased by a re 
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Sep tember, 1961] ‘PROCEDURES IN MICRO-DETERMINATION 
_ Reducing solutions containing ANS, MAPS and DAPH in “standard” and prescribed 


amounts were heated for 10 minutes in a -water All six had: well 


eco 

olour 


EFFECT OF SEQUENCE OF OF ADDITION: OF REAGENTS SPECTRAL L PROPERTIES 


Allen® recommended that the ‘reducing agent (DAPH) be added to the test mixture 
"a ‘fore the ammonium molybdate solution, but most other workers suggest that the reducing _ 
agent be added last . Because determination may be interrupted after the molybdate solution ro 
has been added, the effects of delay in adding reducing agent | on the resulting absorption — 


h the 17 minutes in adding the reducing solution affected neither the shape ‘of the spectrum nor 
" ff the intensity of absorption. When the addition was delayed for 34 minutes, however, the = 
nt optical densities at 660, 720 and 820 my were increased, on average by 5 per cent. A 78- minute io 


i “8 delay in adding the solution of ANS or MAPS ‘Produced no detectable change. 

bility CHOICE OF INSTRUMENT AND REDUCING SOLUTION 


Six solutions containing potassium phosphate ounbedient to from 1 to 40 pg of phosphorus a : 
—oe eS - analysed by the ANS method described here and by the MAPS method of Harris and © 
‘| Popat.? The intensities of the heteropoly-blue colours were measured with a Klett - Summer- = 


son colorimeter at essentially 660 my and with a Beckman DU spectrophotometer at 660, 
_ § 720 and 820mp. The results were statistically analysed to determine which of the two - 34 

the § tducing systems gave the better results and whether or not the colorimeter compared 4 

me hess favourably with the spectrophotometer. The residual variances and standard errors were — 

ed in § Such that the use of a Klett colorimeter for measuring the absorption of ANS-produced blue — 

=e of at 660 my should give results as accurate as those obtained with MAPS and a spectrophoto- 

bode meter at 820 my. A similar assessment of the quality of results for colours developed with 


aoe _] heating showed that a Spectronic 20 colorimeter operated at 820 my gave results a as useful 
ais those. obtained with the DU at wavelength. 


The nature of the molybdophosphate ‘complex reduced in these determinations has" 
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‘that the conditions for their preparation were markedly different. Berenblum and Chain,! 
however, dismissed the significance of Wu’s work and stated that the various heteropoly 
acids of phosphorus and molybdenum exist in solution in equilibrium. - In none of the recent 
studies of heteropoly- -acid inter-conversion,!+12 however, was inter-conversion between the 

-12- and 9-m olybdate forms considered in the absence of large amounts of free orthophosphate. - 
| —_— Reducible heteropoly acids of phosphorus and molybdenum have been considered to — 
_ exist in either colourless or yellow forms,’-* and Ferrari’® has developed the sidered 
| that different reducing agents act on the different forms of the « complex to produce heteropoly- _ 
blue colours having characteristic spectra. In our work, however, subtle changes in reaction | 
conditions were found to be sufficient to produce either a colourless or a yellow solution 
of the molybdophosphate complex. Wu’s preparations were always highly coloured, even © 
when diluted 1000 times (by which the concentration of the hydrochloric acid in the prepara- 
tion was decreased to 0-003 N). Complexes prepared acording to Dickman and Bray® and 
-Wadelin and Mellon,‘ on the other hand, were always colourless, even although the acidities | 
and concentrations were not greatly different from those of the coloured solutions. _ Ferrari’s 
preparations were sometimes coloured and sometimes colourless. 
_ _ Some doubt was cast on Ferrari’s hypothesis by (a) the observation that colourless 
: solutions when extracted with Wadelin and Mellon’s solvent gave yellow extracts and (6) the 3 


“This common absorption peak: at 310 to 320 my exhibited by all the extracts. Absorption of this © 

hs of | type has been assigned by Wadelin and Mellon‘ to the 12-molybdate complex. Ronen: yeas 

both | —_—«CAn alternative, or possibly additional, consideration is that more than one speciesmay —_- 
ween | contribute to the blue colour formed by other than the strongest reducing agents under . ’ 
juced | Optimum conditions. Table I shows that a molar ratio of reducing agent to molybdenum ~ 
icates J Of less than 12 to 1 is ; used in some systems, and in a recent monograph on the chemistry of - 


it is stated that the extent of reduction of peripheral in 
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JEFFERY AND WILLIAMS: ‘THE DETERMINATION 
‘is not baenite with certainty. | Further, in in Fig. 2 there is a suggestion of the existence of two 
— foabeeate points, at 660 and 900 my. This evidence would seem to indicate that heteropoly 
blue is indeed heterogeneous, and further investigation of its chemical nature would be of 
great value in standardising the reduction procedure used in the determination of phosphorus. 
When selecting operating conditions for determining phosphorus, a balance must be 
: _ struck between stability of the colour with time and the magnitude of the extinction coefficient 
Co a. of the heteropoly blue. This investigation has shown that stability of colour intensity is 
» so easily lost that established methods should be adhered to scrupulously, The use of MAPS 
7 or DAPH in place of ANS should also be viewed cautiously because of the lower extinction 
coefficient of the resulting heteropoly blue. The stability and extinction coefficient of the 
_ANS-produced colour at 660 mp were equal to those of the MAPS- or DAPH-developed 
— blues at 820 mp. - Moreover, 660 my is within the range of all colorimeters, whereas detection 
_ of absorption at 820 my requires the use of a red-sensitive photocell . If red-sensitive photo- 
cells are available, however, the wavelength of the isosbestic point, 900 my, would be the | 
logical wavelength for measuring the colour; at 900 my, all reduced species absorb opety. 
orate careful | technical assistance of Mr. J. C. Mes during part of this investigation is 
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The Determination 0 F 

JEFFERY avo Mss D. WILLIAMS 
‘(Department of Scientific and Industrial Research, Warren Spring Laboratory, Stevenage, Herts. ) Bie 

reaction between fluorine, cerium and alizarin ‘complexone described 


by Belcher, Leonard and West is used for determining fluorine in samples ni 
ml from deposit gauges. Prior separation from interfering elements is achieved ith wath 


i 6 _ by means of a column of cation-exchange resin and also by distillation from =~ 
an’ perchloric acid solution. ic The results obtained by these two methods agree | ~¥ atts tus 
<P 8b well with those found by a method involving distillation from perchloric acid | ri hae 

and ‘titration with thorium nitrate solution (alizarin red 


_ THE possibility of developing a simple and rapid procedure for determining fluorine in » samples 
from deposit gauges was suggested by the work of Belcher, Leonard and West,!2 who used 
. _ the reaction with cerium and alizarin complexone to determine fluorine in organic compounds. — 


— - contents of these samples collected over a period of 1 month in industrial areas (Greenwich, | 
Sheffield and Stoke-on-Trent) amounted to a total of 1 to 2 mg, the dilution depending on 
the > rainfall baa the period. _ Further, it was | established that all but a small proportion 
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of the total fluorine ir in the sample appeared ir in 1 the liquid phase. | ~ Int this investigation, the 
samples were taken from a polythene gauge and were filtered through a Whatman No. : 
d be of | filter-paper before use. Ther sometimes appreciable ar amounts of 


sity is An investigation of the conditions under which the complex of fluorine with ceriu 

MAPS | alizarin complexone is formed showed that the intensity of the colour attains a maximum 
‘inction J value after approximately 30 minutes, and no difference could be detected between solutions _ 
of the § that had been set aside for this period on the bench away from direct sunlight and those ay 


veloped th at been stored awa from light and draughts. 
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‘In the initial ex experiments, the pH of each solution was carefully adjusted to 4-3, and 
Pp y adj 


te the importance of making all optical-density measurements at a pre-determined pH was “f 


clearly demonstrated, this value was adhered to in all subsequent work. Fig. 1 shows the 
relationship between optical density and pH for solutions containing 25 yg of fluorine per — 
100 ml. At high pH values, the optical densities of both coloured and reagent blank solutions 
increased considerably, and for this reason the pH of 4-3 suggested by Belcher, Leonard and 
West was preferred. All measurements of optical density were made with a Spekker 
absorptiometer fitted with a tungsten lamp and No. 6 filters. The optical densities of — ae 
these solutions are also dependent on the concentration of buffer or salt present; this is 
shown by Fig. 2, in which the optical densities of solutions containing 20 yg of fluorine 
we 100 ml are plotted against the volume of buffer solution present. 8 ts” 
_ Attempts were made to determine the composition of the complex by the method of 


7 “continuous variation.” Several solutions were prepared, each containing the same amount 
of fluorine, but different amounts of cerous and alizarin complexone solutions. The optical — 
densities of these solutions are shown in Fig. 3, together with those of the reagent blank aa 


amples ] solutions containing no fluorine. It can be seen from Fig. 3 that, in the absence of fluorine, a oe 
used cerium and alizarin complexone are combined in the ratio of ltol. 
ounds. __ In the presence of fluorine, maximum optical densities are obtained when the ratio of a 2 
— concentrations of cerium to alizarin complexone is of the order of 1-2 to 1. In order to_ me 
nwich, 


establish this value more closely and to include fluorine as a separate variable, the continuous- s a 


ling on | variation diagram was extended to three dimensions by plotting the optical densities as a 
contours on a n a triangular is in 4, which is based on measurements 
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density with pH: curve A, solution containing optical density with ag 

of fluorine, 2ml of buffer solution  $=sodium acetate-acetic acid buffer 
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JEFFERY AND WILLIAMS: ‘THE DETERMINATION OF 


A: 


100 pg of fluorine per 100 ml, with in amounts 
of cerous and alizarin complexone solutions: curve A, - 
_ fluorine - cerium - alizarin complexone colour; curve _ 


cerium - alizarin complexone colour (reagent blank) 


olutions containing different amounts of cerium, fluorine and ‘iis connie 
The maximum optical- density values were ‘obtained i in the region 


: (cerium), : :(alizarin complexone) 


i 


This composition is not unreasonable. it could explained a 

- molecular species, in which four ligand groups surround a central cerium atom, the ligand 
residues being linked through additional cerium atoms; for such a structure the size of the 
_ central atom would be critical. In this connection, it may be noted that Leonard and West*® 
have found that lanthanum and praseodymium react to form similar blue complexes. Green- 
halgh and Riley* have reported that, of the complexes of the lanthanide elements with fluorine 
and alizarin complexone, the maximum optical-density values are obtained with lanthanum — 
_ itself. Some increase in sensitivity to fluorine can be obtained by using cerium and alizarin 

_ complexone solutions in the ratio indicated, #.e., 1-25 to 1, and also by replacing the cerous 


OF RESULTS BY PHOTOMETRIC A AND METHODS 


A direct photometric ‘distillation and ase 


titration, — 
0-44, 0-47 0-82, 0-35 : 


ma Ions known to interfere with the determination include all those metal ions that compete — 
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Arg: 


Fig. 4. _Continuous-variation diagram for the F- + 


_ density measured in 4-cm calls with a Spekker absorptiometer (No. 
«6 filters) and plotted as contours using intervals of log (I,/I) of 0-1, 
02, 0-3, 0-4 and 2 425. Position marked A indicates a composition _— 


fluoride (including Fe, Co*+, Ni*+, Pb*+ and Zn*+) and the anions arsenate, phosphate, 
citrate, tartrate, oxalate and ethylenediaminetetra- -acetate?; neither chloride nor 

-jons interfere. _ The interferences from iron and aluminium in the proposed method 

Although the concentration of interfering elements present in samples of water from _ 
deposit gauges was known to be small, it was not possible to apply the proposed procedure 
directly to these samples. This is shown by Table I, in which the results of a number of such a 
determinations are compared with those found by a standard method (distillation from os 

; perchloric acid solution and subsequent titration with thorium | nitrate solution, with alizarin ? 
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EFFER AND WILLIAMS: THE DETERMINATION OF 86 

& S as indicator). It is therefore clear that the photometric procedure involving use of 

alizarin complexone cannot be directly — to these —— and that prior separation 
the fluorine is necessary, 


One of the standard for recovering from ‘solutions other 
ions is by distillation as fluorosilicate from perchloric acid solution, a separation described 
_by Willard and Winter.5 As the presence of silica does not interfere with the photometric 
determination of fluorine with alizarin complexone, the proposed procedure can be applied 
directly to the distillate. The results of some determinations ies this method of fluorine 
in from om deposit gauges are shown in Table II (p. 695). | 


> 
density of a ‘solution containing 10 pg of fi fluorine 


= ion on exchange is r is more convenient when batches of ae are ed et 


SEPARATION: BY “ANION EXCHANGE— - 


From the work of Nielsen and Dangerfield, $ it appeared feasible to separate fluorine 
_ from interfering cations by means of an ion-exchange resin of the quaternary ammonium 
type. No difficulty was experienced in adsorbing fluoride ions from standard solutions of, 
- fhuoride when Dowex 1—X8 resin was used, but the rate of elution from the resin depended 
to a great extent on the concentration of acetate in the eluting solution; with dilute solutions 
the tendency to “tail” was pronounced. Fig. 7 shows curves for the elution of fluorine from 
Dowex 1-X8 resin; these smooth curves were drawn from histograms for three concentrations 
iii When determining fluoride in the effluent, difficulty was experienced in adjusting the 
pH, which, as shown above, must be carefully and accurately carried out. New calibration 
curves were required for these effluents, as the optical densities of the fluoride complexes 
depend on the concentration of acetate. In order to reduce to the minimum the difficulty 
in adjusting the pH, elution was also carried out with the s sodium acetate - acetic acid buffer 
solution used in the photometric determination. = 
It was found possible to recover approximately 95 per cent. of the added fluorine (usually 
100 pg), but only by collecting a sufficiently large volume of effluent, and the high concentra- 
tion of sodium acetate in this solution resulted in a considerable loss in sensitivity to fluorine. — 
Attempts to increase the sensitivity by decreasing the concentration of buffer resulted in 
increased dispersion of the added fluorine and lower recovery of fluorine from any selected © 


portion of the effiuent. This difficulty could be received a volume of effluent 
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LES 


Pika 


ti j 
aan “Volume of effluent, ml 
7. Curves plotted from histograms for the 
elution of 100 pg of fluorine from a column of Dowex 
1-X8 resin (10cm x lcm diameter) by sodium 
auth acetate solution of molarity: curve A, 0-3; curve B, 


sufficiently large to contain at least 95 per cent. of the fluorine and subsequently using an ee 


= 


aliquot of this solution containing the minimum amount of sodium acetate - acetic acid buffer. 
Unfortunately, this was not possible with the rain-water samples examined, many of which — 


COMPARISON OF ‘RESULTS BY ‘VARIOUS METHODS 
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‘The se separation of fluorine from some interfering cations w: was also achieved by using a 
-cation- -exchange resin, the metallic ions being adsorbed on the resin and the fluorine washed 
- through the column with water. For this purpose, Amberlite CG-120 was used in columns 
| Sppeoximately 10 cm in depth and 1 cm in diameter; the columns of resin were washed with 
dilute hydrochloric acid and fluorine-free water before use. _ The samples, filtered as described, 
were allowed to pass through the columns at the rate of about 1 drop per second. Fluorine- 
+7, _ free water was then used to wash the columns, and the combined effluents were concentrated 
Sr by evaporation at a pH just alkaline to phenolphthalein. — Photometric determination of the 
_ fluorine present was then carried out by the proposed procedure. The results of several 
such determinations are compared with those obtained by other methods in Table I]. 
_ The agreement between results by the distillation - titration and distillation - photometric 
a procedures is good, but some of the values found by photometric determination after ion- 


- exchange separation are slightly lower than those obtained by the other two methods; they 
nevertheless within the accuracy demanded for this determination. 
_Under the conditions used, some aluminium passes through the cation- exchange column, 

_ probably as a complex aluminium fluoride ion, and this may give rise to the low results. 
It was found that when aluminium was added to standard solutions of fluoride before passage 
_ through the column, the fluoride present in the effluent could not be directly ee 

_ photometrically, but could be recovered by distillation and then determined with alizarin 

_ complexone, indicating the presence of aluminium in the effluent. The possible presence 
of aluminium, with subsequent interference, must therefore be considered when the ion-— 
exchange is used befo before photometric determination of fluorine 

The proces deseribed | below | was adopted for determination of fluorine i 
usly.1_ Fluorine-free water was ‘prepared by 


REAGENTS— 


_ A 50- or 100-ml portion of the filtered sample from the deposit gauge is allowed to pass 
through a column of cation-exchange resin prepared as described above, at the rate of approxi- — 
-mately 1 drop per second, and the column is washed with about 100 ml of fluorine-free water, 
elution being at the same rate. The effluents are combined, and 2 drops of phenolphthalein — 
indicator solution and then extremely dilute sodium hydroxide solution are added until the 
coloured form of the indicator appears. The solution is then evaporated ina platinum 
% essel to approximately 50 ml and transferred to a 100-ml calibrated flask. Next, 2 ml of | 
acetate buffer solution (pH 4-3), 10 ml of alizarin complexone solution and 10 ml of cerous 
‘nitrate solution are added in that order, and the solution is diluted to the mark and mixed > 
well. The solution is then set aside for at least 30 minutes before its optical density is measured 
with a Spekker absorptiometer fitted with a tungsten lamp and No. 6 filters. The fluorine 
_ content of the sample is obtained by reference to a calibration graph plotted from the optical © 
densities of coloured solutions containing 5 5 to 40 yg of fluorine per 100 mil ee from a 


standard solution of sodium fluoride. 


The novel nature of the alizarin and the for a method 
for determining fluorine have resulted in a great deal of interest in this development of fluorine 
chemistry. We are particularly grateful to the following workers, who have supplied details 
of progress in this field: Dr. J. P. Riley, University of Liverpool, Mr. C. A. Johnson, eal 
Pure Drug Co. Ltd., and Mr. J. R. W. Kerr, Laboratory of the Government Chemist. _ 
The work : described i in this paper forms part of the programme of Warren i i 
tory, D. SL. R., ae is published by permission of the Director. 


M. and West, T. Soc., 1 1959, 357 3577. 
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R., and Riley, J. P, Anal. Chine "acta, 1961, 25, 179. 
5. Willard, H. H., and Winter, O. B., Chem., Anal. Ed., 1933, 5, 7. 
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te Miss JEAN P. DIXON 9 
“Shell” Research Ltd., Thornton Re Research Centre, P.O. Box 1, Chester) 
Rapid methods for determining sulphur in the solutions obtained by 
_ combustion of organic compounds in an oxygen- -filled flask are described. pats: Fes 
ae —————— from nitrate, chloride, bromide, phosphate and some metal ions an 
has been overcome. For most samples, the sulphate is assayed by conducti- 
metric titration with barium ions, for which a Pye conductance 
: T literature includes numerous papers dealing with the application of combustion in “4 
an oxygen-filled flask to the micro-determination of elements. The products of combustion Ret: a 
are absorbed in a suitable solution, in which the element of interest can be determined. If - on. 
the test material is a simple one, containing, for example, only sulphur, carbon, hydrogen — Bs Fe  & 
and oxygen, the sulphur can readily be determined as sulphuric acid by titration with sodium ry f: 
hydroxide solution. The combustion of compounds containing reactive elements other than of 
sulphur produces a solution of mixed acidic ions, and the titration procedure must be selective 
| towards sulphate ions. Specific methods for the determination of sulphate ions include — - 
titration with barium perchlorate solution,! gravimetric determination as barium sulphate, — 
| treatment of the precipitated barium sulphate with a strongly acid cation-exchange resin — 
and subsequent titration of the liberated sulphuric acid? and precipitation with 4- ~amino- 
| _4'-chlorodiphenyl hydrochloride.* In all these methods, interference from phosphate jons 
"may be encountered, and poencdienes for removing phosphate by precipitation and filtration = 
are described. Methods involving separations, however, are never ideal for micro-deter- 
— and a method of direct treatment of the solution is to be preferred. Recently, _ 
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_ Specimen graphs for titration of sulphate! ion with solutions 
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po this colorimetric reaction has been used in erepineians with combustion in an oxygen- 


ee Conductimetric titration with barium ion is well suited to the micro scale and especially 


to the solutions obtained from combustion in an oxygen-filled flask, since the volume is a E 
small and the concentration of ions is low. The sulphate ions are titrated with barium _— 
acetate solution, and the conductivity of the solution decreases, owing to precipitation of a 
_ barium sulphate and replacement of the highly mobile sulphate ions by acetate ions of low a 
- mobility. ‘After the equivalence point has been reached, excess of barium ion causes an i 
increase in conductivity. Barium acetate is preferable to barium chloride as titrant, since J site! 


the mobility of the acetate ion is much less than that of the chloride ion; a better end-point 9° _ 
ait _ can therefore be obtained (see Fig. 1). A comparison conductivity cell is used in the reference ra 
arm of the bridge circuit, and the cell is immersed in the test solution to minimise changes 9 
in temperature. The use of a comparatively concentrated solution of the titrant delivered | 
+ in small increments from a micro syringe-burette eliminates dilution effects. The con- 
_ ductivity of the solution is still further decreased and precipitation hastened by titrating 
in partly alcoholic medium. © _ Neutralisation of the solution before titration is important. 
3 _Conductimetric titration of a mixture of sulphuric and hydrochloric acids with barium 


J acetate solution involves two effects: removal of sulphate ion by precipitation, and a con- 
‘comitant decrease in the concentration of hydrogen ion as acetic acid is generated.  ‘The- 
latter effect continues until the hydrochloric acid also is replaced by an equivalent amount 

: of weakly dissociated acetic acid. The end-point is therefore a measure of the sum of the 

two acids. If the solution has first been neutralised with ammonia, the change in con- 

ductivity will be due only to the removal of sulphate ion as barium sulphate. _ Subsequent — 
titration of chloride may be carried out with a standard solution of silver nitrate. == 

— Phosphate ions, if poceent, will be precipitated as barium phosphate and will interfere 


nitrate solution to precipitate phosphate before titration with barium ions. 


‘When a solution containing orthophosphoric acid is “neutralised to methyl red with — ove 
tn. ammonia, the primary orthophosphate, (NH,)H,PO,, is produced, and the ionic equilibrium J are 
existing i inthe solution willbe— con 

Precipitation of. phosphate as “Ag,PO, involves PO,>- ions, consequent 
et of the equilibrium and generation of acid. After ‘sufficient silver nitrate to : cot 
Bt pe all the phosphate has been added, it is necessary to restore neutrality by adding _ Tso 


‘more ammonia. The addition of a large excess of silver nitrate should be avoided, as this ’ 
_ will mask the change in conductivity. In the presence of chloride or bromide (iodine is 7 


_ removed by boiling at an earlier stage), sufficient silver nitrate to precipitate both halide § Co 
_ and phosphate ions must be added, otherwise removal of phosphate may be incomplete. _ a 
Se The successful analysis of organo-metallic compounds for sulphur by combustion in an | of 


_oxygen-filled flask depends on two factors. First, the decomposition must be ‘‘clean” and 
not accompanied by formation of a firmly adhering deposit on the platinum wire; secondly, 

_ on combustion a soluble sulphate must be formed. Finally, the choice of a suitable method 
*: _ for determining sulphur will depend on the natures of other anions that at may be present « after 
the combustion, ¢.g., chloride, nitrate, phosphate, etc. 
examples “described below indicate ways in which can be determined in 
a variety of organo-metallic 
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Potassium. chosen as a test because the products 


combustion would be expected to contain water-soluble potassium sulphate. 
hydrogen peroxide (methyl red - methylene blue indicator) was the absorbing medium, and, 0 
after combustion, there was no deposit | on the platinum wire. A platinum wire bent into e 
the shape of an S as shown in Fig. 3 (5), p. 601, was used in preference to a platinum gauze a 
for holding the sample. This was simpler to inspect for deposit and easier to wash in = c 
event of there being any deposit. = 
_ After combustion, the solution was allowed to percolate through a column of the strongly ~ Zi \. 


acid cation-exchange resin Amberlite IR-120(H) to replace ame ions by hydrogen i ions. 
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The solution was then boiled to expel. pain dioxide, and the > sulphuric acid was 1 titrated 


with 0-01 N sodium hydroxide. The results are shown in Table = 


— 


‘The 1e method outlined above was used, and results are also shown i in Tabled. bie 


_ Combustion and percolation to remove sodium ions were carried out as before, but the 


direct acidimetric titration was not applicable, owing to the presence of nitrogen and chlorine Bess ; 
The solution was boiled to expel carbon dioxide, neutralised to methyl red and titrated 
conductimetrically with barium acetate solution. In neutral solution, chloride and a 
ions do not interfere with the titration of sulphate ion. These results are included in Table I. 


ci 


ey 
Sulphu 
Sample 


Elements present content, 


Potassium benzenesulphonate C,H,O,Sand K © 


Copper salt of p- wit: H, O,S and Cu 
Chloramine-T . i 2: H, O, S, N, Cland Na 
Zine di(octylthioate) us 5 ,H,O,S,PandZn 
* Result found by using a Parr bomb 
Combustion and remove zinc ions were out as before. Both the 
ac tae and the previously described conductimetric titration procedures were unsuitable 
because of interference from phosphate ions present in the solution. This difficulty , 
overcome by using the procedure described later, in which the interfering phosphate ions — 
are first removed by precipitation as insoluble silver phosphate. Finally, the sulphate — we 
content was determined ed by conductimetric titration . with barium acetate solution ; the results ce: 
‘The organo-metallic compounds so far tested have contained sodium, potassium, copper 
and zinc. The sulphates of these metals are water- soluble, and it seems probable that all 
compounds giving rise to water-soluble metal sulphates can be handled in a similar manner. — pe 
Solution of the products of combustion by other methods has not yet been attempted. oo, 


We have used a Pye ‘conductance ery which, as well as providing a direct measurement © 
of conductivity, permits comparison to be made between two conductivity cells. When — 


necessary, the resistive balance is adjusted by: connecting a variable capacitance across the 


43 


pairs of bright wire electr are used. The pair making contact 
the test solution is bound to the outside of a test-tube containing the other pair, as shown — 


_- The capacity « of the spines burette used in micro titrations is usually 0-5 ml, and incre- ae: 
ments as small as 0-001 ml can be delivered. In conductimetric titrations, however, delivery a 
of such small increments is not normally required, since the readings in the vicinity of the © ae 
end-point are often unreliable. The end- “point is extrapolated from the readings before and Ay . 
after those in the region of it. * Moreover, 0-5 ml of solution is frequently insufficient for a_ 


titration, and the of calibrating syringes of capacity to 
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Calibration with water (by weight) showed that the precision of the bore was good and that 
_ a calibration factor could be determined from the weight of water expelled per revolution 
of the vernier; the factors for several different 2-ml syringes were found to be identical. 
_ When a syringe is calibrated in this way, it is convenient to determine the end-point of a 
titration in terms of number (or fraction) and to apply factor to convert 


Supporting 


4 inches long gare 


| 


Test- -tube (4 inch x 3 inches) 
Fig. 2. Electrode assembly 
METHOD 


Hydrogen peroxide, 100-volume—Analytical- reagent t grade. 


Sodium hydroxide, OOLN. by 


ri 
Indicator solutions—Dissolve 0-125 g of “methyl red in ails “a of ethanol and 0-083 g 


of methylene blue in another 100 ml of ethanol. — For each titration, use 2 drops of each 


_ Percolated ion ~free we water—Allow distilled water to percolate through a mixed-resin bed, 

sopropyl alcohol— Analy tical- reagent grade. 

Silver nitrate, approximately 1N 
Begun acid, 2 per cent. w/w. 


‘ PREPARATION OF SAMPLE FOR COMBUSTION— 


Solids—Solids are weighed in filter-papers t that have ‘been folded in three 
_ and stored in the balance case before use. After weighing, the sides of the paper are folded — 
over the sample, and the paper is then folded in three to make a small square, with the fuse 7 
_ protruding. The enclosed sample is then supported in the bend of the platinum wire, as | 
_ shown in Fig. 3 (6), so that the fuse is directed away from the stopper and in line with : the 
Viscous liquids—These are weighed in filter-papers that have been folded in the shape — 
of an Mand stored. The sample is placed in the depression and does not make contact with 
the balance pan during weighing. After weighing, the paper is enclosed in a platinum-gauze 
_ support of | the type shown in Fig. 3 (a), with the fuse directed away from the stopper. 
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— ess viscous liquids can be conveniently weighed by difference from a melting- a Br. a 


tube: the sample being transferred to a prepared filter-paper already positioned in an S- bend © 


olatile liquids—These are conveniently in sealed ti tubes made fro 
adhesive tape® as this method, be used if the 


the seal the open. end firmly, re- the sealed tube in 
_ platinum-gauze holder of the type shown in Fig. 3 (a), with the fuse protruding. — (Note | 
i an extremely volatile material may escape through the seal; for such a sample, 5 


the capsule is better used without an attached fuse. After scaling & and ‘weighing, a fuse — 
Hygroscopic or unstable solids—These are weighed in cellulosic adhesive tape - - filter- 
paper containers, as shown in Fig. 3 (d), ‘Prepared by folding the square along the middle 
and pressing the adhesive edges together. This is i i than sities solid material into 
the capsule described above for volatile liquids. 


by. war 5 


Fig. 3. Types of support for samples during com- 
otis bustion: (a) and (b), stoppers fitted with —- 
_ supports; (c) prepared piece of filter-paper; (d) prepared 


= 


_ a Compounds containing only C, H, O and S or ¢, H, O, S and M, where M is a metal | 
having a water-soluble sulphate, are decomposed by combustion in a 250-ml flask containing — 
10 ml of 10-volume hydrogen peroxide previously neutralised with 0-01 N sodium hydroxide ~ 
to methyl red - methylene blue indicator; this is solution A. Compounds containing C, H, © 
O, S, N, Cl, Br, I, P and M are decomposed i in a 250-ml flask containing 5 ml of 20-volume _ 
hydrogen peroxide; ‘Previous 1 neutralisation is is unnecessary. This is solution B. 


TREATMENT OF SOLUTION AFTER COMBUSTION— = - 
a % ‘Solution A used; metal M absent—Boil the solution for 1 minute, cool rapidly, add 2 drops id 
more of each indicator solution, and titrate with N sodium mortibbs 


| 
port. 
lution 
Of a 
mvert 3 
| | |. 
f filter-paper, with attached fuse, in the centre of | 
A a 1-inch-square piece of cellulosic adhesive tape as shown in Fig. 3 (d). Roll the square oe esa 
J 
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in portions of the slurry. _ Allow the resin to settle, and fill the column to the base of the 


reservoir with resin. Drain off the water until the resin is just covered. _ Add 20 ml of 
2 per cent. hydrochloric acid, allow it to percolate dropwise through the resin, and wash 


7 ‘the ‘column with water until the oe are neutral to the mixed indicator used in the 


nal 


Fig. 4. Dimensions 
= ion- -exchange column 


a turn “oft the tap when the resin is just covered ‘abe resin is then ready for the next 
Boil the effluent for 1 minute, cool rapidly, 2 add a few drops of the screened indicator, 


“Solution B used; “metal M absent—Open the toh wash the stopper, wire and neck of 
the flask; boil the solution for 1 minute, and cool rapidly. Transfer the solution to a 100-ml 
beaker; use water first and then isopropyl alcohol until the total volume is 50 to 60 ml and 
the solution contains 50 per cent. of the alcohol. _ Stir the solution with a magnetic stirrer, 
add 1 drop of methyl red indicator solution, and carefully neutralise with the ammonia 
solution (added from a burette supported over the beaker). 
__ In the absence of phosphate ions, the solution is ready for titration. If phosphate ions. 
= present, add a calculated amount of approximately 0-1 N silver nitrate; calculate the 
required volume from the figures below. 
_) 7 0-1 ml for each 0-1 mg of phosphorus present — 
; 0-1 ml for each 0-36 mg of chlorine present — 
0-1 ml for each 0-80 mg of bromine presen 
0-2 ml of the silver nitrate in again to methyl ted with 
CONDUCTIMETRIC TITRATION WITH BARIUM ACETATE SOLUTION— sy 


a _ Immerse the electrode assembly, switch on the bridge, and obtain the balance point. 
The solution in the reference dip cell contains about 2 ml of water, to which 0-01 N sodium 
hydroxide i is added until a bridge reading (ratio of test cell to reference cell) of about 0-5 is 
obtained. Once corrected, this solution will be suitable for many similar determinations, ¥ 
: but the addition of more sodium a will be necessary when changing to test solutions 


to 
— 
— 

= 
— 
- = 5 b= Open the flask, and rinse the stoppe the flask with water. Pour the | 
solution into the reservoir of the column, and alow It to percolate dropwise ; collect the effluent 
de ——_ in a 250-ml flask. Wash the combustion flask three times with small portions of water, and 
‘ 


Ir the 
fluent 
r, and 
Tvoir, 
next 


cator, 


UR IN ORGANIC 

to to an hier nitrate has been added. Ifa sharp balance point is not ‘obtained, connect ‘5 

a suitable (0-001- to 1-yF) variable capacitance across the electrodes in the test solution. © 

_ Titrate the solution with 0-1 N barium acetate added from the syringe-burette. The 

magnitude of the increments will depend on the concentration of sulphate ions and should _ 

be such that at least five readings are obtained before the end-point. Take a small number 


after the end-point has been passed, and obtain the end- -point graphically. 


Metal M present—Allow the combustion solution to percolate through the column. as 
before, and collect the effluent in an Erlenmeyer flask. Boil for 1 minute to expel carbon — 
dioxide (or longer if the volume of solution needs to be decreased), cool rapidly, and transfer 
to a 100-ml beaker with water and isopropyl alcohol. Proceed with the conductimetric se: ye 


‘titration, including the treatment with silver if phosphate ions are 

‘tea’ of the results found : are shown in | Table I  (p. 599) ; others are e presented i in Table eI. 


Sulphur Theoretical 


FOUND 


Sulphonal 

Dibenzal disulphide 

_ §-Benzylthiuronium chloride 

.. ..  .. 
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Dropping-mercury Electrode for Determining Dissolved 
Oxygen and Oxygen in Gases 


By R. BRIGGS AND G. KNOWLES 
=~ (Water Pollution Research Laboratory, Stevenage, Herts.) 
in the technique of using the wide-bore electrode include 
ts adaptation for measuring the dissolved-oxygen contents of samples in — 
bottles and samples flowing past the electrode at rates between 1 ml and — rs 
“a several litres per minute. A reagent solution recommended contains sodium — re bow’ 
starch glycollate as a new type of maximum suppressor. Three types of tf ahs: 
reference electrode are suitable; one is a silver rod coated with silver chloride x 7 ae 
_— is directly immersed in the sample. T! _ The determination of oxygen in 
SINCE the appearance of a previous paper on the wide-bore dropping-mercury secailin £ 
experience has been gained in its use for indicating and recording the concentration of dis- 
solved oxygen in water and the oxygen content of gas. Other workers*.* have used the 
lectrode for recording contents of and it is available for 
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KNOWLES: WIDE- -BORE DROPPING-MERCURY ELECTRODE 


OF CELLS AND ELECTRODES AND THEIR APPLICATIONS 
Downwarp- -ROINTING ASSEMBLY ‘(wiTH WPTURNED ELECTRODE)— 


An n assembly suitable for 1 measuring the dissolved- -oxygen contents of samples i in bites 
is s shown in Fig. 1 (a); we are grateful to Dr. H. Clay for suggesting use of the wide-bore 
electrode for this purpose. With this arrangement, a complete dissolved-oxygen indicator 
can be built in a portable box; the pointer-type meter can be graduated directly in parts 
per million of dissolved oxygen, and the range can be from 0 to 5 or up to from 0 to 50 p.p.m. 
_ _ With this assembly, it is essential for the connections to the thermistors to be thoroughly 
_ water-proofed. If the wires become wet, errors are caused, not so much by partial short- 
- edreuiting of the thermistors as by the presence in the circuit of local cells formed by the 
24 copper wires of one thermistor and the solder on the connections to the other. By using a 
plastic sealing compound (as manufactured by W. T. Henley’s Telegraph Works) and a 
covering sleeve of silicone-elastomer tubing, good 1 water-proofing can be achieved ; the details 
of this method have been described by and Mason. 
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Fig.  Downward- electrode assembly for measuring g dissolved 


The downward-po -pointing can also be used, as in (0), for samples 
‘ flowing past the electrode. The readings remain unchanged at any flow up to 30 ml per minute 
and increase by 3 per cent. at 70 ml per minute (linear velocity 0-35 cm per second). The 
effect of flow i is minimal when the relative d directions between ee and flow are as shown 


or 


The cell shown in Fig. 2 permits a flow of several hundred millilitres of sample per minute > 

past the electrode for an increase of 3 per cent. in the polarographic current. In practice, 
s however, the cell has generally been used for readings on stationary samples pumped auto- — 

matically for 1 minute through the cell every 30 minutes; an _Sactonmnguete valve then 
Zz the flexible inlet tube to hold the sample in the cell for 2 minutes, during which the — 


reading” is made and recorded ¢ ona strip- chart. For automatic recording on rivers away 
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Fig. 2. Large-volume 1 
ell; (b) mercury seal and overflo is attached to A, by goo e. 
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Mercury 
¥3 and overflow 
Fig. 3. Cell for recording oxygen content 


of a gas (lines indicate internal surfaces) _ 


a AND WIDE- BORE -DROPPING- MERCURY ELECTRODE a +t 


from mains s power, this minimises the size of and also facilitates the 
addition of reagent (described later); the solution is introduced by means of a simple electro-— 
magnetic valve system into the surface of the sample in the cell just after pumping has 
ceased, there then being sufficient movement remaining in the water to ensure that Teagent 

_ For recording the concentration of dissolved oxygen in small volumes of water flowing | 
at about 1 ml per minute, Edwards and Learner® used a small cell containing a wide-bore 
- electrode and a mercury-pool reference electrode. Good stability of calibration was shown 
on a recorder chart reproduced in their paper; readings were within about 0-05 p.p.m. of the 
true value, and the calibration was the oe for any rate of reser: ion 1-0 and hos 6 ml 


pee Fig. 3 shows a cell fitted with a 5 wilhe: bore electrode for automatically sais the 
oxygen content of a gas, the ‘method being to equilibrate the gas under examination with a 
= solution (25 g of hydrated disodium hydrogen orthophosphate and 4 g of potassium 

_ chloride dissolved in 1 litre of distilled water) and then to record the concentration of dissolved 
oxygen in the solution; to saturate the solution, the gas is bubbled through it at 50 ml per 

= for 2 minutes. ‘The same principle was used by Wise,’ with a conventional dropping- 
mercury electrode, but he did not report the stability of calibration. _ Our instrument _ 
retained its calibration during a year of continuous operation, 24 hours a day, and is arranged 
_ to record alternately the oxygen contents of the atmosphere (as a check) and of air that has 
through the liquor in ina continuous- vessel ; the complete recording cycle takes 

Because the solubility of oxygen Ww 

same rate as the polarographic current increases, compensation for variations in temperature _ 
_ of the buffer solution is unnecessary, provided that the gas is brought to about the same 
temperature as the solution before being bubbled through it. A change in barometric 
ol _ pressure affects the reading, but the error is small and can be corrected for if the barometric 
_ pressure is known. _ Alternativ ely, the trace for “‘oxygen in air” can be rapidly brought — 

_ back to the “21 per cent.” position on the chart if it has moved from this value because 


“4 


ofa change in barometric Pressure. 
‘The length of 0-2-mm _— capillary is about 30 cm when the vertical distance het ; 

the level of the mercury supply and the delivery tip of the wide-bore electrode is 15 cm; 
this gives a drop-time of about 3 seconds. The 0-8-mm bore capillary may be of any length. ; 
___ After the 0-8-mm capillary has been bent to its final shape it is best to apply a coating © 
q of silicone, hard baked on to its interior, especially if the electrode is to be used in concentrated 
saline solutions. The capillary is washed through with ethyl methyl ketone and dried by © > 
_ passing dry dust-free air through it for 2 hours. Next, it is left full of dilute hydrochloric — 
acid (1 + 9) for 24 hours, washed, first with water and secondly with ethyl methyl ketone, — 
and again dried as before. i; It is then washed with a solution of 3 ml of MS1107 Silicone Fluid - fa 

_ (Midland Silicones Ltd. ) in 100 ml of ethyl methyl ketone and dried in air for 4 hours. Finally, 
the capillary i is placed i in an oven at 110° C for at least 12 hours and is then cooled, washed ‘ 


The 0- | is not coated with silicone, although it should be washed through 
_ with ethyl methyl ketone and dried by passage of air. If the ends of this capillary are | 
“flame-polished,” care should be taken not to constrict the internal diameter, or air bubbles _ 
will be difficult to remove when the tube is first filled with a 
a _ When used in water containing calcium bicarbonate, a deposit of calcium carbonate 


slowly forms at the orifice of the _wide-bore electrode Bs the determinations include — 


“The reference electrode described previously! consisted ~— a zinc rod i in an acetate buffer — 
solution; it is satisfactory, but requires weekly servicing of the zinc rod and glass sinter — 
weekly of the buffer solution. an electrode consisting ¢ a 
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silver nial ‘one with silver er chloride and directly immersed in the sample has been found 
satisfactory and does not require servicing. It is made from “‘fine silver” rod (4 or } inch 

in diameter), which is cleaned with aoe methyl ketone, washed with water, immersed for Cea a 
| minute in diluted nitric acid (1 + 1) and is then made the anode in 0-1 N hydrochloric acid, ee. 
the other electrode being conveniently a platinum wire; after a current of about 1mA has 
been passed for about 1 hour the electrode is ready for use. _ According to Lingane,* a ae ie it 
silver - silver chloride electrode directly immersed in the sample can be used for any sample i 
that gives at least a faint opalescence when 2 drops of 0-1 N silver nitrate are added tol10ml 
of it. For measuring dissolved oxygen by means of the wide-bore electrode in conjunction 
with the silver - silver chloride electrode, an applied voltage of —1-5 volts (mercury negative) 

is suitable. When the of the cell permits, a pool of used as reference 


4 
- When the equipment is to be used with a wide variety of samples, , it is sia hiiateaee to 
make a routine addition of a multi-purpose reagent solution to each sample; this solution is — 
prepared as described below. 
- Take 2500 ml of a solution containing 55 g of sodium starch glycollate per litre. ‘ (This A, 
is obtainable as a solution at this concentration from the British Drug Houses Ltd. or can 
be made from the solid by allowing this to soak in the’ water overnight and then pte bell 
heat, with stirring, to complete solution; both at this stage and subsequently, the solution 
should not be heated to a temperature in excess of 50° C. ) In the solution dissolve, in this 
order, 45 g of sodium hexamnetaghoneeete. 670 g of sodium chloride, 190 g of potassium car- _ 
bonate, 80 g of potassium chloride, 220 g of potassium nitrate and 130 g of . iguel a 
grade reagents are satisfactory. Make up to 3000 ml with distilled water. ade 


This reagent solution i is added i in the ee of 0-5 ml per 100 ml of sample. oe - EY 


The conductivity of the sample may be too low; for example, a conductivity of 
off _ ‘less than 200 micromho per cm may, in conjuction with a concentration of dissolved ot 
—- about that given by saturation with air, result in appreciable loss of voltage  __ 
across the resistance of the solution, thereby decreasing the accuracy. The reagent NG 


in _ Solution 1 increases the conductivity of the sample to at least 3000 micromho per cm. 
(tz) Although ‘marked maxima do not seem to occur on the second p plateau of oxygen 


reduction, they can cause some error, but are entirely eliminated by the sodium i 


(att) The pH of the sample ‘may be less than 7, which n may allow interfering g metals to 

remain i in solution, or less than 4-5, which may result in additional current due to — 

reduction of hydrogen ions; alternatively, it may be above 9, and this, in con- | o Sale 
of buffering, increases the tendency of calcium carbonate. to 

be deposited on the electrode. Addition of the reagent solution brings the pH to. 
about 8 and increases the buffering capacity; further, it guards against deposition __ 

calcium carbonate, as the reagent solution contains sodium hexé hexametaphosphate. 


AVOIDANCE OF (CHEMICAL INTERFERENCE ‘eh 


7 


Perhaps because of their readiness be precipitated, metals with the 
determination of dissolved oxygen by means of the wide-bore electrode if the pH is 6-5 or more. 
me metals tested were copper (Cu**+), cadmium, chromium (Cr**), lead, tin (Sn**), nickel 
Ni?+), iron (Fe*+) and zinc, added in the ionic form, each at a concentration of 5 p.p.m., 
singly or as a mixture _ This absence of interference was also found when the reagent solution 
was added, the pH then being ae: to about 8 by the bats action of the reagent 
ions Fe2+ and Mn?+ are special cases, becaune a pH of more 6-5, as with the other 
metals, causes them to be precipitated as the hydroxides; these hydroxides have no ‘direct 
effect on the polarographic determination of dissolved oxygen, but, when precipitated, remove _ ; 
an equivalent amount of dissolved oxygen. SR YE 
= No effect on the determination dissolved using the e second ¢ 
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- sulphide added as N a,S (concentration expressed as S*-) or 40 p.p.m. of ammonia (expressed 
_as N), either when these were added singly or all together, and no effect was produced by 
7 — 60 p.p.m. of sulphite (expressed as SO,?-). The silver - silver chloride electrode was not a 
afiected these concentrations of nitrite, sulphide, ammonia and sulphite. = 


_ For recorders, automatic maintenance of the level of the supply of mercury is necessary, publis 
_ and, in addition to the electrical method, a non-electrical technique has proved reliable; § 1h¢ fi 
4s rod, attached to the top of a float in the mercury level to be controlled, presses against a J altern 

compressible tube leading from the mercury-supply reservoir, = j= giussue. 

_ Automatic compensation for the temperature of the sample by means of thermistors residu 


was described earlier,! and Littlewood’ has ‘wane. an alternative method of calculating ail 
the values of the resistances used in the circuit. studle 
Assistance has been given by P. J. Lee and W. H. Mason. TI his | paper is s published | il ce 
permission of the of Scientific and Industrial Research. 
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Recommended Methods « of Analysis of Pesticide Residues 


REPORT BY THE JOINT MERCURY RESIDUES PA PANEL 


UP JOINTLY sa THE SCIENTIFIC SUB-COMMITTEE OF THE ADVISORY ace, a 
3 ON PoIsoNous SUBSTANCES USED IN AGRICULTURE AND FooD STORAGE, THE 


“AND THE ASSOCL ATION OF British MANUFACTURERS OF AGRICULTU RAL CHEMICALS 
The Determination of Mercury Residues and ‘Tomatoes: 


In 1959, the Scientific Sub- Committee of the ‘Advisory ry Committee on Poisonous Substances — 


Used in Agriculture and Food Storage, the Association of British Manufacturers of Agricul- — 
tural Chemicals and the Analytical Methods Committee of The Society for Analytical 
Chemistry set up a Panel to investigate the analysis of residues of mercury-containing pesticides © 

in foodstuffs. — Subsequently, the Food Manufacturers Federation Incorporated accepted an. ' 
invitation to join in the work of the Panel. A collaborative study was undertaken with - 
the object of recommending a detailed method that would give accurate and reproducible | 
results. This report describes the findings of the Panel and gives details of a method suitable | 
for determining mercury in apples and tomatoes. 

Members of the Panel are listed in Appendix II 
‘helo 


COURSE» OF THE RIVESTIGATION 


a A method (u (unpublished) for determining 1 mercury ‘residues in apples had oy dev ee : * 
7 ‘ in the Department of Scientific and Industrial Research, Laboratory of the Government — 


Chemist (then the: Department of the Government Chemist), on the basis of Klein’s method 

_as modified by Abbott and Johnson.!_ This method (Department of the Government Chemist ] 
_. Report No. GC/17/17) has been found reliable by workers of that laboratory for residues a 

of a wide organo-men mercury compounds. In outline, it c consists in ‘digesting the 
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PESTICIDE RESIDUES IN FOODSTUFFS 


hiosul 


the mercury - - dithizone at 490 employing a th 


ulphate reversion 


uggestions for modifying this outline. It also noted that two special methods for the ie ay v 
scompeliian of organic matter for ‘the determination of mercury have recently ben % 
published by the Analytical Methods Committee of the Society for Analytical Chemistry. pa a 
The first of these is applicable to samples containing high mercury residues (>5 p.p.m. or, Doe 
alte cnativety, ->5 mg per kg) and the second is for lower mercury levels in urine or animal 
tissue. The method used in this. study has been considered in relation to low mercury 2 
| 4 Phenylmercuric acetate was used as a convenient organo- mercury ‘ury compound in 
studies, since it had been shown to be more volatile than others of its type used as fungicidal m 
| sprays and aerosols.* When added to diced apple and digested with acids, phenylmercuric 2 
| acetate gave a lower recovery than did the salicylate or the nitrate. The Panel considered. 
that a method for phenylmercuric acetate would be in general. 
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50 g of apple 50 g of tomato 


had been advised to to purchase amouiits of dithizone at of 
hie 3 months, because of the instability of the reagent. Material purchased in this way — 
did not always ensure a satisfactory standard solution, and instructions for the purification | 
of the dithizone* were inserted in the method. Chloroform was purified according to the _ 
method of the ‘Analytical Methods Committee.’ Correspondence with firms supplying sodium oe 
hypochlorite solutions revealed that these solutions had a variable and sometimes undesirably — ‘se 
_ | high mercury content. Messrs. Hopkin and Williams Ltd.* supply a “low in mercury” grade _ 
fof 10 per cent. w/w sodium hypochlorite solution containing amounts of mercury of the a 
yes | order of 0-12 p.p.m. and state that it is known to be suitable for use in the determination __ 
| of mercury as described by Abbott and Johnson. Some selenium samples also showed an Se 
Ces | undesirably high mercury content, and levels of 12, 16 and more than 50 p.p.m. have been 

found. Even with these precautions, some laboratories obtained high reagent values (Table I). ree 

_ | Although the blanks varied from laboratory to laboratory they were fairly pre rinde in any “4 
des one Panel considered it desirable keep reagent blanks to about 1 pg 
ith §- The Panel used method GC/17/17 initially for the recovery of 5 wg of mercury oe 
ble to 50 g of apples (0-1 p.p.m.). However, both the blank values obtained for the apples and e 
ble the recovery of added mercury were variable (see Table II, column A), due perhaps to each 
Hd laboratory using its own sample of apples. A common apple sample in the form of a purée a 
«| was circulated for the second study. — Satisfactory blank values and recoveries were obtained _ 
| with this. Net recoveries are set out in Table II, column B. It was noted, however, that- zaile 4 
since a part of the skin and core of the apples had been separated during the preparation of : eae 
the purée the digestion stage proceeded rather easily. The need for careful digestion of the 
| pulp with the acids was stressed, together with the need to allow sufficient time for the 
hydroxylamine hydrochloride solution to react with the residual oxidising material — 
extracting the partly neutralised with dithizone. otf 
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‘ METHODS 0 [Vol. 86 Sey 
Next, ampoules containing a known amount 
solution were circulated to members of the Panel, to use in conjunction with samples of canned 
_ purée made from whole apples. In this way an amount of mercury (3-4 wg) unknown to the 
worker was added and recovered. The results (see Table II, column C) show a mean net 


recovery of 80 per cent. with a standard eigen * +0-4 wg. The Panel concluded that 

was satisfactory for deter residues in apples. 

Net ‘OF PHENYLMERCURIC ACETATE ADDED TO APPLE 


known) vg of mercury (known) 3°4 pg of mercury (unknown) 
from members’ own from apple purée less of whole 


oN 


ae 


@ 


OH Ik 


A similar aaa was adopted in recovery experiments with a sample of canned tomato 
d purée prepared from the whole fruit . A mean net recovery of 80 per cent. with a standard 
deviation of +0-6 ug was obtained when 4-0 pg of mercury (0-08 p.p.m.) were added to the 
purée and a mean net recovery of 95 per cent. with a standard deviation of +0-9 pg when 
20-1 yg (0-40 p.p.m.) were added (see Table IIi).. _ The Panel concluded, therefore, ‘that the 
method was also satisfactory for determining mercury residues in tomatoes. The experience 
of some members suggested that selenium might be omitted from the method for tomatoes 
The method is given in Appendix I. Limited experience of some seniors indicates 
F that the method should be satisfactory with other plant materials, but recovery experiments 


are regarded as a necessary preliminary. When the water content of the material is low 
_it is necessary to add water (5 to 10 ml per 50 g of sample) to the contents of the digestion | 
flask initially. Additionally, limited experience suggests that the method is successful in | 
the presence of arsenic and lead with apples to which Mercurated Lead Arsenate had been § — 
_ The Panel also concluded that the method required experienced workers. - Carefully 
# ne reagents should be used in a laboratory set aside from work hart macro amounts — 
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4-0 wg of mercury (unknown), 20-1 wg of mercury 


18-9, 194, 

1965; 196, 
19. 
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All apparatus must be scrupulously cleaned. It is recommended that, after assembling — 


the a nitric acid mixture (30 ml + 20 ml) be boiled under 


), with two short ve carrying B34 (central) and B19 (side) 


|. * Air about 2-5 cm diameter, 30 cm long, B34 B24 soc 
nato ; a Water condenser—This should be efficient ; 15-cm double surface or 25-cm jacketed : be 
dard | has been found adequate. The water condenser fits into the top of the air condenser and 


should have a B24 cone. 


Heating mantle, 250 watt variable heat control preferably continuous). 


cates 
ents 
yunts Acetic acid—Dilute to 30 per cent. v/ 
Hydrochloric acid, about 0-1 N—Dilute 50 ml of acid, gr. 18, 8, to to 6 litres. 
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in 100 ml of water to give fresh solutions each day, 
Sodium hypochlorite solution—Select 10 per cent. w/w sodium hypochlorite solution with 
a low mercury content. Store at about 3° C when not in use. __ Standardise with sodium 
and dilute to about 4-5 per cent. of available chlorine. 
_ _Hydroxylamine hydrochloride solution, 20 per cent. w/v, aqueous—Extract with stock 
_dithizone solution until the reagent colour is unchanged, then wash thoroughly with chloro- 


Fj ~ form (this should be stored a aa 3° C) and (iz) two dilute solutions of 4 mg per litre of 
_ chloroform for extraction and as a standard solution, 
_ Mercuric chloride solution—(t) Stock solution of 1-355 g of mercuric chloride in 1 litre 
es of O-1N hydrochloric acid; this solution is stable for at least 6 months. (i) Dilute solution, 
fel prepared by diluting the stock solution in two stages with hydrochloric acid to a 
concentration of 1 wg of mercury per ml; dilute mercuric chloride solutions are stable for 
at le least 24 hours in dilute ac acid, but not in neu neutral solutions. 4 eee 
- “4 By pipette, place 1 to 5 ml of freshly « diluted m mercuric : chloride solution (1 pe per ml) in 
a separating funnel containing 50 ml of hydrochloric acid, 5ml of hydroxylamine hydro- 
: chloride and 3 ml of acetic acid solutions. Add 2 to 3 ml of chloroform, and shake the funnel 
_ vigorously for 30 seconds. Allow the layers to separate, and reject the ‘chloroform. _ Extract 
the mercury with 10-0 ml of standard dithizone solution, freshly diluted from the stock 
_ solution, shaking vigorously for 1 minute. Dry the stem of the separating funnel with a 
segment of filter-paper, fit a loose plug of cotton-wool in the lower part of the stem, allow 
a little of the dithizone extract to run to waste through the cotton-wool plug, and run the 
remainder into the spectrophotometer cell. Care should be taken to ensure that the cotton- 
wool plug is not contaminated while placing it in the stem of the funnel and also that it is 
not dislodged by the flow of chloroform solution. Avoid dripping very slowly, or a red 
colour may develop; also avoid too rapid a flow, which could result in failure to trap entrained | 
water. Wipe the optical faces of the cell, and place carefully in the cell basket. Read the 
optical density at 490 my against chloroform. A Unicam 4-cm cell requires about 8 ml of 
_ The undesirably large background absorption of dithizone solution, occupying the most 
sensitive part of the scale, may be suppressed by replacing the chloroform reference cell with 
a coarse grating of, for example, 29/30 s.w.g. (0-345 to 0-315 mm) woven copper gauze, which 
is firmly supported in the cell basket. _ The zero on the calibration curve can thus be reduced 
to an optical density of aboutO-l 
With phosgene-free chloroform, the dilute dithizone solutions may be wed for a few 
weeks. _ The zero value should be checked daily before measuring the extracted solution and, 
if necessary, a small correction applied to the optical density of the latter before reading its 
_ corresponding mercury content on the calibration curve. Discard any dithizone solution for 
which the zero value has fallen markedly with time or when about 90 per cent. has been 
used, at which time the risk of autoxidation is greater. - Solutions of dithizone should be 
stored in the dark; dilute solutions of dithizone fade in 30 seconds when exposed to bright 


a sample of tomaioes, and take a 50-g portion for analysis; cut into 
quarters or segments, and use a diced 50-g portion. Place the prepared sample in the reaction | j 
flask together with a few glass beads, and mix with 0-1 g of selenium powder. Seat the flask | os 
in the heating mantle, and fit the condenser system (with water flowing rapidly through it) : sh 


and the -. funnel. = — from the tap funnel over about 10 minutes 20. ml of 


The reaction mixture simmers from its exothermic heat, the mantle helping to lag the flask. 


the initial reaction subsided, switch on the heating mantle and tr 
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rate of over to of an hour as frothing in in the flask It be ne necessary 
to add further small amounts of nitric acid to prevent carbonisation, which can occur quite 
abruptly. Up to 20 ml of nitric acid may be Tequired, depending on the species and moisture > 
content of the sample. _ When at “Full Heat,” leave the digest to boil under refiux for 3 hours. — 


dilute to 250ml. Transfer to a 500-ml separating funnel, rinse the graduated 
with (exactly) 50 ml of water, and transfer the washings to the separating funnel. Titrate = 
a 1-ml aliquot of the 300 ml (now about 2-5 N) with 0-1 N sodium hydroxide (= S ml) with | . 
methyl red as indicator, and d adjust t of to normal with 
q Volume of ammonia to ‘added = 300 S/10 — -1) -1)m 


the solution thoroughly before adding 5 ml of soluti 
to avoid dithizone being oxidised or selenium being precipitated. Set aside for 10 minutes i 
to allow the hydroxylamine to react, and then add 10 ml of dilute dithizone extraction solution. a 
Shake gently, and release the pressure cautiously; then insert the stopper tightly, and shake Se 2 
the funnel vigorously for 1 minute. Allow the two layers to separate, and examine the 7 . 
colour of the chloroform rm layer. § Shake for a further minute, and re re-assess the colour; there i. Ke a 
(1) The first colour is green or grey, and is not changed markedly on subsequent shaking. a a 
Transfer the chloroform phase to a 150-ml separating funnel containing 25 ml of s 
+e hydrochloric acid and 5 ml of hydroxylamine hydrochloride solution. Extract the _ 
initial aqueous solution twice more with 5 ml of dithizone solution, shaking the — %. na 
_ funnel for 1 minute, and transfer each extract to the 150-ml separating funnel. - 


The first colour is grey changing to yellowish orange. his suggests ‘the 
oll unreacted dithizone. Transfer the chloroform solution to a 150-ml separating 
funnel, and extract the initial aqueous solution with 10 ml of dithizone solution. . ee 
tw time the colour, green or possibly grey, should be more permanent. . Repeated 
_ fading of the dithizone extraction solution indicates that an excessive amount of af. 
oxidant i is present. Make sure the solution is cool, and try adding more hydroxyl- — 4 


-amine hydrochloride. Finish with two further extractions as in (1), Sees 

we orange colour is formed immediately. This indicates a large mercury concen- 
tration. Transfer the chloroform solution to a 150-ml separating funnel, and extract — 
the digest solution with a further 10 ml of dithizone. A grey colour suggests that 
_ the bulk of the mercury has been removed, and the extraction is finished as in (1). 
If an intense orange colour is formed again, more concentrated dithizone extracting _ 
, solutions must be used; most conveniently, add 1 to 2 ml of the stock dithizone ee 
4 


‘The « extraction should not be considered ‘complete “until two successive prorena retain 
the extraction, since, by discounting the final two 5-ml portions and assuming an efficiency _ - 


I the blue- -green colour of the reagent. It is useful to note the amount of dithizone used in 
of 80 per cent. for extraction from normal sulphuric acid, the approximate mercury content 
and hence the appropriate range in the combinations of volume and concentration of dithizone 


solution and size of cell (see Table IV) can be deduced. 
_ Transfer the combined dithizone solution extracts to a third 150-ml separating funnel 
containing 50 ml of hydrochloric acid and 2 ml of sodium thiosulphate solution. — aay 


mercury dithizonate is thus dissociated and reverts to the aqueous layer, whereas copper / 

dithizonate remains in the chloroform layer. Much of the yellow nitrated organic matter 

has now been removed from the mercury-containing solution, and the subsequent hypochlorite 

treatment will remove the rest. Shake the hydrochloric acid that were left in in athe 
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second separating funnel with a few millilitres of chloroform to collect the : vials | fraction of 
adduct distributed in the aqueous layer, and add the chloroform to the contents of the third 
‘separating funnel. Shake vigorously, and discard all remaining drops of chloroform. If 


the: original extract had been left standing for some time with hydroxylamine hydrochloride a 
and hydrochloric acid, excess of reagent may have been oxidised; should the colour suggest Miu 
oa this, extract the hydrochloric acid washings with 2 to 3 ml of dilute dithizone reagent, and | solut 
= shake in the third separating funnel before washing the aqueous solutions with chloro- uniot 
\* form. Add 4ml of diluted sodium hypochlorite solution. Give the separating fannel a of fa 
preliminary swirl to release some of the chlorine, and then insert the stopper tightly. Shake, ‘ fours 


carefully at first and then vigorously for 1 minute, cautiously releasing the pressure through 
_ the tap from time to time. Little or no chlorine should now be evolved, although an excess § | 
_ should be present. Invert the separating funnel, open the tap, and rinse the stem with a 
_ little water. Add 5 ml of hydroxylamine hydrochloride solution, ensuring that the sides of 
the stopper and the neck of the separating funnel are thoroughly wetted with the reagent, 
and shake vigorously for 1 minute. This treatment reduces unreacted hypochlorite and 
_ residual chlorine. Blow off any gases evolved, and shake the funnel again. Wash the 
aqueous solution twice by vigorous shaking with a few millilitres of chloroform, and reject 
both washings. The first washing sometimes appears blue, but the second should be colourless. 
Ensure that no bubble of chloroform has been — above the tap of the separating 9 oni 
of By pipette, _ place the appropriate vwheten (see Table IV) of standard dithizone solution 
in the separating funnel, and shake vigorously for 1 minute. Proceed as described under 
“Dithizone - Mercury Calibration Curve.” Adjust the observed value of optical density 
for any zero correction, and determine the concentration of mercury from the calibration 


a 


curve. Correct this value subtracting the Teagent blank so obtaining the mercury 

CELL SIZE AND CONCENTRATION AND VOLUME OF DITHIZONE SOLUTION TO BE USED _ ~ 


Dithizone Volume of 
Mercury concentration, dithizone 


Cell, ~ density optical density per pg of 
cm at 490 my* at 490 mp* } 


Assuming the density of of the to be 0 


Appendix ix I aia ied 
MEMBERSHIP OF THE 


The Panel consisted of E. W. Atkins, A. S. Beidas, E. ssley, H. 
P. W. Lloyd, E. J. Miller, H. E. (Chairman), J. A. Pickard, N. A. Smart 


D. C., Johnson, E. I., Analyst, 1957, 82, 206. 
2. Analytical Methods Committee, Ibid., 1960, 85, | 
3. Phillips, G. F., Dixon, B.E., and Lidzey, R. G., J. Sci. Food Agric., 1959, 10, 604. 
a 4, Milton, R. F.,. and Hoskins, J. L., Analyst, 1947, 72, 6. 
Analytical Methods Committee, Ibid., 1959, 84, 127. 
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MULLER? reported that aniline or p-toluidine reacted with ethyl oximinocyanoacetate in ether a 
solution to give a crystalline derivative. . The structure | of the derivative corresponded to the dart 
union of one molecule of the base with two molecules of the ester, and it was formed under conditions | Nhe. 
of fairly wide divergence in the of reactants. This reaction has now been 


_ Miiller, partly as a result of cryoscopic measurements, put forward the view y that the compounds > 
were loosely bound additive complexes, which dissociated completely in solution. He was able 
to regenerate the base and its hydrochloride by the action of potassium hydroxide and hydrochloric e 
acid, respectively. _ - Our findings have confirmed this view and indicate that a molecular compound 
| is formed by the addition of a molecule of ethyl oximinocyanoacetate to a molecule of the — 
_ When an aqueous solution of the aniline complex is passed through a a column of ion- enthaiige ce 
resin (Amberlite IRA-400 in the hydroxy form), the oximinocyanoacetate is retained, and the 
aniline can be recovered quantitatively from the effluent. Again, treatment of the complex with 
excess of picric acid results in the formation of the base picrate. When the ammonium salt of ethyl 
oximinocyanoacetate in aqueous solution is treated with 1 mole of the ester, the same crystalline — 
complex as that obtained directly by the action of 1 mole of ammonia on 2 moles of ester is obtained. 
Further, the ultra-violet absorption spectra of the derivatives show peaks corresponding to both 
the undissociated and the ionised forms of ethyl oximinocyanoacetate. 
— Further evidence for the structure of the complex derivatives is provided by the ; action of, ~~? 
example, benzylamine on ethyl cyanoacetate or ethyl oximinocyanoacetate ethyl ether. In on 
reactions the amides are formed by loss of ethanol, thereby showing the necessity for the: presence 
of the acidic oximino group for formation of the complex. Oximinocyanoacetamide when allowed — 
to react with benzylamine forms only the benzylamine salt, which indicates that some kind of 
electrostatic or hydrogen bonding with the ester group is involved in formation of the complex. - 
The compound (melting- point 153: 5° C) prepared by Diels and Borgwardt? by the 


with the view expressed above. _ 


“It has been found that certain of after long standing 
or more rapidly when heated in vacuo at temperatures just below the melting-point. However, _ 
unlike Miiller,1 we found that all the compounds prepared were sufficiently stable to withstand the 
recrystallisation necessary for their purification. For purposes of characterisation, these deriva- 
have the advantage over picrates that they without spread of an 


a ethyl oximinocyanoacetate:; the procedure used is described below. 
* “att _ A warm aqueous or aqueous ethanolic solution of the amine (1 mole) is added to a warm 
aqueous solution of ethyl oximinocyanoacetate (2 moles; prepared in the usual way from ethyl a 

_— Syamoncetate), and the mixture is set aside for a few minutes. When cool, the crystalline ~ 
is collected a and from \ or another suitable solvent; 
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The ‘results for several typical are shown in’ 


_ only aromatic amines (other than aniline and -toluidine) and isopropylamine failed to 


REsutts FOR DERIVATIVES OF ‘AMINES 
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re CygHy,N s0e-H,O 
64 to 166° C,,H,,N;O, 
CyH,N,O, 
to 86° C,,H,,N,0, 
1368 
127° 
Cults Oe 


2-Aminoimidazoline . 184 to 186° 42- 0 


2-Aminopyridine 
-Tetramethyl 
etramethy ammonium “ee 
Hexamethonium hydroxide 
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2- Amino-4-methylpyridine _ 
0, 


2-Amino-4,6- 
2- -Aminopyrimidine 
2-Amino-4- -methylpyrimidine 
Recrystallised from water. 
guza nil Recrystallised from benzene. 
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mixture. 


when dried. 
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NG IN RAIN ‘WATER 


METHOD FOR DET ERMININ RAID 


AN IMPROVED 1 


§ THE one mthat for ¢ determining ° Sr of nuclear- test origin in samples of rain water involves the 


P chemical and radiochemical purification of strontium, addition of yttrium carrier and growth 
of *Y over at least 16 days; yttrium is then separated, and the decay of *°Y is observed. = © 
An attempt has been made in these laboratories to separate radio-yttrium directly from the a 
sample, thereby avoiding the storage period for the growth of *Y. It is essential for this method 
that the *°Y is already in equilibrium with the Sr, but the time involved in transport, particularly 
from the more distant sites, and in the evaporation of the samples is such that this is normally so. 
An alternative approach would be to separate strontium and count the beta-activity of = 
$0 source through an aluminium absorber sufficiently thick (~110 mg per sq. cm) to decrease the 
contribution of Sr to negligible proportions. The growth of *Y would then be recorded, together 
: _ with any Sr por in the source. However, the absorber also decreases the count ee 
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is applicable only when the ae 
activity froma short- lived 1 rare-earth fission products is negligible - Immediately after a nuclear 


The sample of rain water is evaporated to small volume in the presence of nitric acid and — 


strontium, barium, cerium, caesium and yttrium carriers. Insoluble hydroxides and carbonates _ 
are precipitated by adding solutions of sodium hydroxide and sodium carbonate, and the super- 
na tant solution is reserved for determining 187Cs. The combined precipitates are dissolved in 
nitric c acid, and the insoluble hydroxides a1 are precipitated by adding ammonium hydroxide. The 
supernatant solution is reserved for determining ®*Sr if required. The hydroxides are dissolved — 
in nitric acid, and cerium is separated by precipitation as ceric iodate, this then being treated in 
the usual manner.! Yttrium hydroxide is re-precipitated and dissolved in acid, and the yttrium oe 
is then precipitated as fluoride in the presence of zirconium holdback carrier; this precipitate is 
dissolved, and yttrium is re-precipitated as oxalate. An yttrium oxide source is prepared, and Bt 
the decay of the beta-activity is recorded both directly and also with an aluminium absorber 
(25 mg per sq. between the sample and the window. As well as 


2-6 ‘yous: ‘the last of these isotopes | is a beta-emitter of videainiy low energy, ‘and M7Pm activity 
is therefore not recorded in the measurements made with the absorber in position. Mathematical ; 
resolution of these “‘absorber’’ counts therefore gives a result for *°Y, and this value is corrected _ 
for the known percentage transmission of the **Y through the aluminium absorber and also for — 
decay from the time of the initial precipitation by ammonium hydroxide. After allowance has my 
been made for the chemical yield of yttrium, the calculated rate of disintegration is be ate tothat 
i. _ This method is particularly applicable to samples of rain water containing debris originating _ 
only from old nuclear-test t explosions, when there are insignificant amounts not only « of the short- — 
lived rare-earth fission products, but also of *Y; in these. circumstances, the activity recorded f 
through the absorber is solely due to *Y. It is possible also in these circumstances to estimate a ~<a 
the 47Pm activity, use being made of the result for yttrium, together with the counts obtained | am 


directly, i.e., without the absorber in position. Several samples collected in the ‘summer and 


t f 1960 have been treated in this wa ee ay 


ag 


Some modification of method A is necessary ! for samples that may contain significant amounts 5 
of short-lived rare-earth fission products, e.g., “Sm, Nd and (half-lives, respectively, 
47 hours and 11 and 14 days). In the initial treatment, , the only difference is that samarium and yg 
neodymium carriers should be added to the sample. Then, after precipitation of the —— | 
and rare-earth fluorides, radiochemical and chemical purification of the yttrium is completed by 
_] ion-exchange chromatography. The yttrium and rare-earth fluorides are converted into the 
| corresponding hydroxides, which are dissolved in dilute hydrochloric acid, and the solution is 
loaded on a column of the cation-exchange resin Zeo-Karb 225. Elution is carried out with 
0-5 m sodium lactate at pH 2-70, individual 2-ml fractions being collected automatically. _ Yttrium 
is eluted before the rare earths and is precipitated as oxalate. An yttrium ¢ oxide source is prepared 
for beta-counting as described above, the decay of this source is observed, and the activity staal “a 
In the absence of short- lived fission products of samarium and neodymium, can be 
determined by further elution from the column, combination of the samarium, neodymium and > 
intermediate fractions and precipitation as oxalate. After ignition of oo rare earths to oxide, 
a source is prepared for beta-counting and the '’Pm activity is recorded. Some confirmation of i" 
the identity of this radionuclide has been obtained by absorption measurements with an aluminium | «i 
absorber (7 mg per sq. em) an and by th aby absence of ata decay over several ‘months. Reach ce 
Ss Full details of the methods outlined above will be published elsewhere.* Table I shows _ 
examples of the results for Sr, together with the values obtained by the nul method,? and © aN 
four results for “7Pm. These more direct approaches permit a result for Sr to be obtained z : 
within | approximately hi half the usual time, with no additional eee craneeyee sos 
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 Aerivity F FOUND IN. ‘SAMPLES OF RAIN WATER 

‘Ag, Activity found 


om le No. by usual method, 
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_ The results for “Sr in Table I form part of the information reported by the U. K. Atomic 
Energy Authority arising from their work on the world-wide deposition of fission products from 


1. Osmond, R. G. D., Owers, M. C., and Mead, , U.K. Atomic Energy Research 


2. Osmond, R. G. D., Evett, T. W., Arden, J. W., Lovett, M. B., _— Sweeney, B., U.K. Atomic 
Energy Research Establishment Analytical Method AM84, Harwell (to be published). 
af 3. Crooks, R. N., Osmond, R. G. D., Fisher, E. M. R., Owers, M. Jj., and svat, T. W., U.K. Atomic 


_ Energy Research Establishment Report R3349, Harwell 1960. 
U.K. Atomic ENERGY AUTHORITY —R.G.D. Osmonp gms 
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THE DETECTION OF PALLADIUM WITH p-NITROSODIPHENYLAMINE he 

_ Durtnc work on acute carbon monoxide poisoning in rats,’ in which reduction of palladium chloride | not 
solution is used to determine carbon monoxide in blood, it was considered that p- nitrosodiphenyl- | oA 
| cole 


amine might be a suitable reagent for determining the excess of palladium chloride; the red complex 
of this reagent with palladium ions can be extracted from solutions in dilute hydrochloric acid 
by diethyl ether, ethyl acetate and chloroform.? Although the reaction was found to be too 
sensitive for our purpose, this Note records certain observations on the extraction of the p- ~nitroso- 


- palladium complex. = 
=. p-N evcentinnatientinn reagent solution—Dissolve 50 m mg ‘of p- -nitrosodiphenylamine in 500 ml 


per cent. and to 1 litre with water. hile ian 


“ 


described a procedure in which solutions containg 3 yg of per ml were treated 
= hydrochloric acid and 1 ml of the reagent solution and, after 5 minutes, were extracted with 
~ ethyl acetate. A deep-red colour developed in the acetate layers from solutions up to 0-1™m in- 
__ hydrochloric acid. Since the reaction is masked by iridium, rhodium and cobalt, an extraction | 
_ procedure is of obvious value; further, it would lead to a gain in sensitivity. Ag ven ues | 
__In our preliminary experime:.; 1-ml aliquots of the palladium solution were e placed i in -100-ml 


“calibrated flasks, the requisite amount of n hydrochloric acid was added to each, and the solutions — 
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86 September, 1961] 
were diluted to with water. Duplicate aliquots, each containing 10-6 pg of 


a4 were placed in glass-stoppered test-tubes, and 3 ml of water and then 1 ml of the reagent solution _ eee ‘Ze 
=a] | were added to each. The solutions were set aside at room temperature for 30 minutes; each _ 
I solution in one series was then shaken vigorously with 5 ml of ethyl acetate and each in the other er! 
2 series with 15 ml of chloroform. (The difference between the volumes of the solvents used was ae 
due to the relatively low solubility of the complex in chloroform. ) | The results for a range of 


initial concentrations of acid are shown in Table I. 


EFFECT OF ACIDITY ON EXTRACTION OF -PALLADIU COMPLEX 


omic 4 


= 

to 


oO 018 to 0 1 Turbidity in aqueous layer; complex com- af i, ‘Turbidity in in aqueous layer; complex com- 


When the solution was initially 0-0002 N in hydrochloric acid, about 20, per cent. . of the the complex 
a endl be extracted with 5 ml of ethyl acetate, whereas extraction with 15 ml of chloroform resulted _ 
iin in separation of the complex at the interface. Ryan* found that ethyl acetate and chloroform — 
inal gave similar results when used as extractant, but I have found that extracts of the palladium 


in ethyl: acetate are much ‘more stable than those in chloroform. 


extraction of these solutions with ethyl acetate or gave clear red solutions. If quali- 
tative tests for the platinum metals are to be made as described by Ryan,? it is therefore essential — 

that the initial concentration of hydrochloric acid be kept within the range 0-002 to 0-01 n and 7 
not “‘feebly acid,’’ as stated previously.? — 2 In order to prevent loss of sensitivity through use of . 
too much solvent, the volume of ethyl onsite was tinge Th to 5 ml; this resulted in an intense red : 


D., , McAllister, R. A., and Smith, Lancet, 1961, i, 800. othe -, 
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PRIMARY STANDARDS IN TIN ANALYSIS 


mine. THE use of stannous solutions as primary dtrindesta in analysis is complicated by ‘the ease with | 3 
eated | which tin is oxidised to the quadrivalent state. When tin solutions are used, they are generally 
with prepared by dissolving either chemically pure tin metal or tin! chloride dihydrate in hydrochloric 
min § acid. The resulting solutions, however, are unstable in the presence of oxygen. Moreover, 
ction dissolution of tin in hydrochloric acid is time-consuming, and most commercially available samples — 
tin!! chloride dihydrate contain appreciable amounts of tin™ as impurity. The need for 

pure, stable and readily soluble tint! compound for use as a primary standard is apparent. The — 


work described here | is a comparison of five different sources of stannous tin. Bi “ong 


— 

t 20 per cent. of complex extracted ; 

| 

oride 

— 


Chalmers and Thomson’ - precision burette was used to obtain more accurate ‘titrations, _ The 
- burette was calibrated at 5-mm intervals on the micrometer head by weighing the amount of 

water delivered. The average volume delivered per 5 mm was 4-649 + 0-003 ml and the standard 
deviation for any volume delivered was calculated to be 0-004ml. 


Blank determinations were carried out on all reagents to ensure that they contained no 
impurity that could affect the of the volumetric determination of 


Chemically p pure tin—Sample containing 99-999 per cent. of = 
Tin" acetates—Heat under reflux blue-black tin!! oxide with glacial acetic acid, filter, and 


“concentrate the solution i in a rotary evaporator. Filter, and wash the product with the minimun | 


of water and then acetone, and purify by vacuum sublimation. _ The blue-black tint oxide should 


= "that tint! sulphate must be used as the tenting material instead of the less satisfactory! tint! 

c chloride dihydrate, otherwise any chloride impurity in the final product will be sublimed along 

with the tin™ acetate. No sulphate, chloride, acetic acid, aan tent or iron could be rion 

Anhydrous tin™ chloride-—Heat under reflux 10g g of tint chloride dihydrate 10 


of acetic anhydride and 10 ml of acetic acid. 
sulphate—Prepared by Donaldson and Moser’s! method. 


results for six of stannous and six of total tin on ‘each 
- gample are shown in Table I. The we tins wed odes to 0-01 mg for statistical purposes only. 


Source of tinfound,as Weightof tin found, as ani 
stannous tin taken, iterence, tin taken, totaltin, Difference, 
pure tin (Sn) 68 86-01 90 


Tint acetate 15-17 -03 . 109-55 


05 


1 

2S 

= bo 


¢ chloride 

dihydrate 
(SnCl,.2H,0) 
| 


ON 


36 29 —5-07 153-31 (150-93. 
‘Tint chloride 9 —4 . 
18008 12480 528 167-72 
73-15 173-91 127-700 128-11 


(SnSO,) (106-25 106-75 123-83 124-26 
120-79 116-72 616 +0. 
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“NOTES, 


a each test the difference tateeen the weight of | tin found and that ieiiabd from the weight — 
of tin compound taken, is given for comparison of errors. Calibrated weights were used for all — 


september, 1961] 


The weighings. The calculated observational errors’? were found to! be £0: Ol mg fi for tin from wget 
unt of Bsamples and +0-10 for for tin determined volumetrically. ew 


= Comparison of the differences between the weighed and calculated amounts of tin shows | oe “@ 
that only in determinations of stannous tin with chemically pure tin and with tin! acetate are ; 
these differences less than the observational errors. | Tint chloride and tin™ chloride dihydrate — 
are obviously no not ‘suitable sources of stannous tin, whereas tin!! sulphate, , although the most 
satisfactory source of tin! for preparative work, is not the most satisfactory analytical standard. 
Determination of total tin is found to be less accurate than that of stannous tin because of the — 
extra chemical process involved. This is shown 4 the determinations of total tin on chemically — 
pure tin and on tin!! acetate. The presence of impurity in chloride and tin! chloride 
dihydrate is confirmed by the total-tin content being considerably higher than the | stannous — 
tin content; this is also responsible for the apparent improvement in results for total tin on these : 
materials, | Tint chloride and tin"! chloride dihydrate should not, therefore, be used as analytical 
rt standards. The slightly high results obtained with tin!! sulphate suggest that small amounts 
 % of oxidisable impurity are produced during its preparation. The sample used for comparison : 
_, [was freshly prepared, but analysis of an older sample (4 months) gave a an average difference 
Bbetween weight taken and weight calculated of +0-21 mg for stannous tin and +0-48 mg for total 
tin. No appreciable difference was found between the results of determinations on freshly prepared 
|| The most serious source of error in the method of analysis results from the fact that the 
each §°tTOr in standardising the ceric sulphate solution used—with resublimed arsenious oxide—is much > ‘4 


sreater than the errors involved in the use of the precision burette. A new requirement thus ~ 
better than the 1 in 1000 tolerated i in 1 normal procedures. In fact, tin? acetate seems to 


xcept 
tint 

along 
tected 


we ft rises in that the primary standards used with this burette must be capable of standardisation | 


results show that tin!™ acetate, ‘purified by v vacuum sublimation, is a primary 
standard for tin analysis. Moreover, its solubility in dilute mineral acids makes it preferable — 
to chemically pure tin as the source of stannous tin. Because of the ease of oxidation of the tin — 
to the quadrivalent state it is preferable to prepare the standard solutions as required, and solutions | 
of the acetate can be obtained quickly, with complete exclusion of oxygen, and used in situ. —_ ; 
sat present in progress on the chemistry of tint! acetate and will be 1 
i - One of us (W.B.S.) is grateful to the International Tin Research oer for a maintenance 
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THE MICE DETERMINATION OF SULPHUR IN ORGANIC COMPOUNDS 


Various micro methods aes determining salen’ in organic materials have been derived from that 

fof Dennstedt,} viz., the absorption on metallic silver of the oxides of sulphur formed by burning 

the sample in over a platinum catalyst, or from Belcher and ‘empty: ~tube” 
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"method. 2 In both procedures, the eis of sulphur are absorbed on silver g: gauze, pe 


the resulting silver sulphate is determined by gravimetric*.+* volumetric*.’.* or colorimetric 
methods, most of which are based on the solubility of silver sulphate in hot water. 
In 1956, Ingram reviewed experience with the “empty-tube” procedure® and discussed its 
di application to the determination of carbon, hydrogen and other elements. The determination of 
_ sulphur by absorption of the oxides of sulphur on silver gauze at first gave satisfactory results, 
but Ingram reported that low results were obtained after several combustions had been carried 
out, and there was evidence for reaction between the silver and the silica tubing. By e1 enclosing 
the silver in a platinum cylinder to avoid contact with the silica, we have obtained satisfactory 
results by this method. The procedure used was similar to that described by Mitsui and Sato" 
for determining halogen by absorption on silver, and the construction of the apparatus is shown 
in Fig. 1. A platinum cylinder terminating in a B7 socket fits on the silica B7 cone. In use, 
the products of combustion, together with excess of oxygen, are drawn from the combustion 
furnace and, after mixing with air from the scavenging train (containing anhydrone and soda 
asbestos), are drawn through electrolytic silver contained in the platinum cylinder. ‘ The i increase 
_ in weight of the cylinder and its contents is ascribed to the or of silver ' sulphate, and the 


Furnace 


— Soda 


Combustion was was at first carried out in a tube containing platinum catalyst. a The results 


were satisfactory, and the use of the “empty-tube” method was therefore examined i in an attempt 
to decrease the time necessary for combustion. With the silver filling at temperatures between 
- 650° and 700°C, as recommended by Ingram, results were low by 0-5 to 1-0 per cent., e.g., al 


sulphonal (theoretical content of of sulphur 28-10 cent.) results were— 


Weight of sample,mg .. 5363 4-856 209 3: 846 4-483 4-317 
_ Further, after several antaiieanins a , yellow stain was observed on the silica tubing. When 
the temperature was maintained between 500° and 550° C, results were satisfactory. _ Recently, 
we have used silver, as recommended by Mitsui and Sato,” and have 


APPARATUS— 


4 A combustion tube of the type or for determining carbon and hydrogen by the 
rapid- combustion procedure was used in our experiments. — A ‘small furnace | was used to heat the 


of 10cm (inclusive. of the B7 pen and an internal diameter of Tn mm; ‘the wall ideas was 
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— CONTENTS FOUND WITH USE OF ELECTROLYTIC SILVER AT “500° = ee 

3 sample, content found, Sy) sulphur conte: 
4-609 
-bis(Carboxymethylmercapto)diethyl ether 4 “250 25:10 26°20 
Phenylsulphone aceticacid  .. .. 4250 1605 1600 
a iz} Boil the platinum cylinder in 50 per cent. nitric acid, wash with distilled water, and ignite — 
“da at 1000° C for 30 minutes. Place a small wad of silver wool in the cylinder, and tamp it firmly 
down with two pieces of glass rod so that the wool is located at the neck of the joint. | 
° some electrolytic silver wool,!® pour it, together with the electrolyte solution, on to the ‘silver _ * 


an ool pad, and apply gentle suction to consolidate the metal. ane sufficient silver (about 3 g) to fill 


distilled water, and remove the latter by washing with ethanol pa ether. Dry the tube and its ae 
pontents in an oven at 110° C, and, finally, heat at 500°C for 30 minutes, a 
_ Pass oxygen into the combustion tube at 25 to 30 ml per minute; no purification of the oxygen 
is necessary. . Adjust the suction at the exit of the combustion tube (by lowering the arm of the | 
-PMariotte bottle) to give a flow of 50 ml per minute. Remove the Al4 joint, attach the platinum WG , 
ylinder, and replace the joint. © After 5 minutes, “burn out” the exposed part of the combustion : 
ube, and, after a further 5 minutes, turn off the suction. _ Remove the platinum cylinder, lay 
it across a large brass block, and place both beside a microbalance for 10 minutes. — ‘Weigh 3 to 8 mg 
of sample in a micro platinum boat. Allow the cylinder to rest on the balance stirrups for — 
#0 minutes, and then weigh it to the nearest microgram. Re- connect the cylinder to the com- 
‘fbustion apparatus, and introduce the sample in the usual manner. Turn on the suction, and 
llow 5 minutes for the cylinder and its contents to attain 500°C. Burn the sample as for the 
determination of carbon and hydrogen, taking 4 to 6 minutes for the combustion, and sweep out 
9 to 11 minutes. Remove the cylinder, cool, , and it aS before. Calculate the sulphur 


__ Increase in ihe of cylinder and filling, mg x 0: 334 x = 


hemist Division. _ I thank Mr. P. N. S. Ibbetson for assistance in the practical eee oie 
Ty Pp 
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BOOK REVIEWS 


Comsounne. By G. E. Coates, M. A., D.Sc., F.R.LC. Second Edition, 
_ Pp. xiv + 366. London: Methuen & Co. Ltd.; New York: John Wiley & Sons Inc. 1960, 


eae to include many y of the important ahi: in the field of organo- metallic merel 


compounds, Professor Coates has found it necessary to revise and extend his well known monograph. fof the 
Despite the addition of much new material on compounds of the alkali metals, boron, tin and §with 
_ the transition elements and greatly extended discussions of the many interesting valency problems §detai! 
raised by, ¢.g., sandwich compounds and pi-complexes of various kinds, the author has succeeded fand ] 
in keeping the whole subject in perspective and in writing an authoritative and thoroughly § Ther« 


Organo- metallic compounds, apart Grignard reagents, certain boro- and alumino- 
_ hydrides and bulky precipitating ions, such as [B(C,H;),]- or [As(C,H,),]+, have not been greatly the fp 
_ exploited in analysis, and this aspect is not dealt with in this book. The statement (p. 163) that anal} 
"thallium is / unique in forming a cyclopentadienyl complex, C;H;Tl, when the components are Jon tl 
shaken in aqueous solution is certainly correct. The statement that the product is moderately secti 
soluble in most polar solvents immediately suggests a remarkable solvent-extraction technique gas i 
would be absolutely specific : for this Unfortunately, experiment does not confirm | meth 
oF THE SyMPostuM on onpmation Compounns, Acra,} 
_ Invi, Fepruary 71TH & 8TH, 1959. Part 1: pp. vi + 148; Part 2: pp. iv + 203; Part 3: ]@° 
= pp. vi + 302+ vi. Allahabad, India: National Academy of Sciences. 1960. Price ing é 


(Part Ht Rs. 15.00; (Part 2) Re. 25. 00; (Part 3) Rs. 35.00 00; (all three } Parts) Rs. * 00. ‘inter 


‘These three volumes report the p proceedings | at a symposium um held at the University of Agra of 


j ginviaie 7th and 8th, 1959. Part 1 begins with an interesting presidential address by Professor 
_ Ray and continues with an important and fully documented review of Indian contributions tof 
_ the study of co-ordination chemistry (64 pages) and 8 papers of a miscellaneous character. Part 2 fap, 

j contains 28 papers dealing with valency problems, stereochemistry and structure and 6 papers 

dealing with techniques and methods of investigation. Part 3 contains 32 papers on reactions, 

1 stability and thermodynamic considerations, 2 on the st stabilisation of valency s states, ‘13 ) dealing 


_ It must be admitted that the quality and style of the p papers vary enormously from sophisticated 
treatments of band spectra and thermodynamics to the frankly pedestrian. Some of the contri-} 
_ butions appear to be mere abstracts of potential papers, others are given at length and are well frot 
; ‘illustrated and documented ; this is especially true of some of the review articles. It would appear ™ - 
_ that the organisers did not stipulate that the contributions should be original, for quite a few Ja@°¢ 
(more especially from European contributors) had first seen the light of day at previous conferences. of | 
acai Readers of The Analyst will naturally be most interested in the 87 pages devoted to analytical to 
_ applications of co- -ordination compounds. — _ Several papers dealt with the extensive original j the 
researches carried out (especially in India) on the analytical potentialities of various organic s 
reagents, notably oximes, hydroxamic acids, polyphenols and derivatives of thiourea and dithio- Co 
-oxamide. Others dealt with the gravimetric determination of copper, the analytical chemistry of 5"! 
thorium, the determination of free acid in the presence of hydrolysable cations, metallochromic Ea 
indicators and paper chromatography. Nothing very novel or useful could be gleaned from this dis 
miscellany. Certainly, much of the data on the behaviour of new organic reagents for metals Te 
_ could form the basis for further work; but it is only right to comment that no attempts are made § P° 
_ to assess whether or not the new reagents show any advantages over those already in use, for | P° 
problems of interferences and practical details do not come in for much attention. 
__ The editors of so large a symposium must have had an exceptionally difficult task in collating an 
_ manuscripts from authors of so many different nationalities and interests and. spread so . widely | on 
_ over the earth’s surface. Despite the very large number of errors, many in printing, but some th 
due clearly to errors in the original manuscripts, the Convenor and the printers have done a very § 2% 
ood job, and these three volumes testify to the extent and quality of the research work carried be 
out in India and to the lively interest taken there in the still rapidly expanding field of co-ordination J ™ 
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BOOK REVIEWS 


M.D., Ph.D. Pp. xiv + 329. Amsterdam, London, New York and Princeton: Elsevier 
Publishing Company; London: D. Van Nostrand Co. Ltd. 1960. Price 30s, = 
dition, _ This book is the third in a series of Elsevier monographs on toxic agents. It is packed full — 


1960, of interesting bits of information about aromatic hydrocarbons, such as economic _ importance, 
sources, uses in industry, analytical procedures, physical properties, etc. These are, however, va 
etallic merely the fringes of the main body of the book, which deals with the toxicology and biochemistry 


graph. of the aromatic hydrocarbons. The book is divided into two parts, the first part dealing generally vy.’ 


4 


in and with the subject and covering about a third of the text, and the second part apa in more 


oughly There are useful tables listing carcinogenic and non- carcinogenic hydrocarbons in the chapter _ 

imino-f “The purpose « of the book is to assemble in one volume information primarily of interest to_ 


reatly industrial and toxicologist,”” and therefore data of direct interest to the 


YING fare those that can be applied to air (air settable, blood, urine and tissues, since the book a 


AGRA, This small-sized book j is nicely produced in semi-stiff paper covers, and the figures and formulae — 


art 8: are re easy to ) understand. The 59 tables are mines of ‘information, and the book contains an interest- 


ADVANCES IN POLAROGRAPHY: PROCEEDINGS OF THE HE SECOND INTERNATIONAL CONGRESS HeLp 


papers AT CAMBRIDGE, 1959. Edited by IAN S. LONGMUIR. Volume 1. Pp. xvi + 1-407. 
ctions, | Volume 2. Pp. x + 408-803. Volume 3. Pp. vii + 804-1204. Oxford, London, New o < 
lealing and Paris: Pergamon Press” (Symposium Publications Division). 1960. Price 

contri- ‘The 103 full-length papers included in these three volumes were contributed by polarographers ~ 

re well {from 19 countries to the Second International Congress on Polarography, held at Cambridge 
appear fin August, 1959. ‘The papers range from authoritative reviews of published work to interim 2 son 4 
a few Jaccounts of original work still in progress and cover all aspects of polarography, including training ~ 

rences. gf students, fundamental theory, instrumentation and analytical applications in fields ranging ~ 


lytical ffrom metallurgy to medicine. — With the exception of ten in German and eight in French, all | 
riginal the papers are printed in English, The formal discussion after each paper has been included. _ 
ganic ‘The Cambridge Congress met in rather different circumstances from the First International 7 
dithio- Congress, held at Prague in February, | 1951. Although papers from all over the world were _ 
stry of jsubmitted to and published in the Proceedings of the Prague Congress, only a from = 


m. this 
metals 


| ~~ A comparison of these three volumes with those issued after the Prague Congress reveals ~ 
lating an interesting picture of the development of polarography during the intervening decade. Progress — 


t some the field of atomic energy; this has ¢ encouraged spectacular improvements | in instrumentation and a 
a very has led to better methods for removing interfering substances. On the organic side, there has | 


in these volumes, largely by British authors, describe new applications of the cathode- ay y polaro- 
graph and discuss the scope and limitations of square-wave and aes polarography. — A stimulating 


its are Jon the composition of solvents, fuels and lubricants, must also be of value to analysts. In the sige 4 ays Pie 
rately Jsection on analytical procedures, emphasis is placed on physical methods, such as the combustible- i ——— ee 
hnione boas indicator. refractive index. ultra-violet and infra-red absorption and polaroveraphyv. Chemical _ 
— 
— 

| 
= 
a distinguished polarographers from East and West were able to meet and freely discuss ther i ake 3 
results. The unfortunate absence through ill-health of Professor J. Heyrovsky, the founder of 7 ‘ Bee 

— 
3 

ate 
ination 
as 
— 


4. atte on alternating-current polarography by Barker, the inventor of the 


square- wave and pulse 
polarographs, considers the analytical possibilities of radio-frequency polarography. — Czech and 
Russian authors have contributed papers on oscillographic polarography. 
‘The articles on organic and biological applications are of varied interest. Given and Peover's 8 
4 critical account of the polarography of organic substances in organic solvents and of the application 

of the method to the study of coal deserves special notice. Other papers deal with | the deter-§ X-ré 
_ mination of oxygen in respiring biological fluids, the analysis of blasting explosives, the influence ¥ ; 
~ of substituents on the reduction of aliphatic and heterocyclic compounds, the direct determination 


_ of 2-ethyl-4-thiocarbamoylpyridine in biological fluids and the morphology of the Brditka catalytic 
‘There can be few : analysts who will not ‘find ‘something of interest ‘in these volumes; they 


can be recommended without reservation as substantial supplements to the standard monographs 
q on polarography. The volumes are well produced, but, at their asian, ‘there will will unfortunately 


On 


account 


be few analysts ab able to afford copies. J. Toxtce 

Ray ABSORPTION AND EMISSION IN ANALYTICAL 
‘WITH X-Rays. By H. A. LigBHAFSKY, H. G. ‘Prerrer, E. H. ‘WINSLOW and U 
| ZEMANY. Pp. x + 357. New York and London: John Wiley & Sons Inc. 1960. Price — 
ae X-Ray spectrochemical analysis has had an eiennting, though somewhat chequered, history.§ Divisic 
- Almost from the moment of discovery of X-rays, and certainly after the electromagnetic character list of 
_ of the radiation was confirmed, X-ray spectral lines could have been used for analytical purposes. — 


7 Moseley’ s classical measurements of X- “ray” wavelengths between 1913 and 1915 pointed the way 
to element identification and determination. But such pointers do not appear to have been followed 
up at all systematically until about 1930, when Laby and his collaborators in Australia made an 
extended study of the practical possibilities. Even then the engineering difficulties involved, 


| demo it was still necessary to excite the X-ray spectra by electrons inside continuously evacuated 


and th 
tion, st 
point 
referer 
Labor 
_ demountable generators, appear to have discouraged others from an immediate exploitation off viscers 
Laby’s work. It was not until after the end of the second World War that it was realised that§ such é 

- advances in instrumentation had occurred, which provided the basis for wide application. Geiger§ T 
Counters and other types of detector devices had become available and permitted measurement by all 
to be made of the relatively weak X- “Tay spectra e emitted bya a specimen struck by a er X- oa its va 

- This historical background is made apparent in the text of the book. The jill are} descri 
‘jm optimistic about future prospects. Indeed, they venture to declare that “all spectro-§ graph 
_scopists should become familiar with the X-ray methods described” and that “X-ray emission§ quant 
 spectrography will gain so rapidly upon the optical that the variety of analyses being done by§ of thi 
each method will have become comparable before 1970” (pages 237-238). There is no denyingf I 
that the authors are most able advocates of this thesis. The reader is left in little doubt that] and i: 
in certain fields, particularly when an analytical method that will give automatic control of af the m 
_ manufacturing process is desirable, the X- -ray spectrochemical technique has a high chance off descri 


_ The book is deliberately written for the analytical chemist. 2 In the early part, basic informa- essen‘ 
tion about the physics of X-ray emission and the nature of X-ray spectra is clearly presented, ing 
_ order that the reader previously unacquainted with the subject may understand the principles 
involved. The various forms of detector and counter are described and compared, and i guidance 
‘There are two chapters on X-ray absorptiometry, with polychromatic and monochromatic 
beams, respectively, and another chapter discusses film-thickness determination by X-ray emission 
_ methods. So far as the analyst is concerned, however, perhaps the most important are the later ie 
chapters, from the seventh onwards, which are devoted to X-ray emission spectrography. These ld 


_ form the backbone of the book. The exposition is clear and direct. The many problems involved 
_ in developing satisfactory quantitative methods are frankly discussed, and the accounts of practical J 
applications are particularly convincing because for illustrations the authors are able to draw - 
THE 


=a their own wide experience. Representative X-ray spectrographs are described, 
covering a range from relatively simple laboratory apparatus to fully automatic multi-channel - 
for control. Chapter 10 contains an excellent nt appraisement of the reliability} 


le} 
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of the X-ray 


Only a very brief description of the X-ray emission pred is given, 
view of the growing importance of this technique, the Teviewer would have preferred a fuller 


Mzcuaniss AND ANALYTICAL Metuops. Edited c 
MAN, Volume I. 


and in ‘the U.S.A. This book is edited by a combination from both countries—C. P. Stewart is 8 
at the Department of Clinical Chemistry, Edinburgh, and A. Stolman is at the Toxicological Service 
Division of the Connecticut Department of Health. The editors eae’ also chosen an impressive 
list of contributors from both sides of the Atlantic. as 7 re 

‘The first part of the book deals with the absorption, distribution and encection’ of poisons 
and their metabolites, and the second patt is concerned with general techniques for the identifica- 
tion, separation and determination of these substances in toxicological material. From theanalyst’s | 
point of view, the second part is of more interest, the first —o — useful as a source of 


labeaink outlining the method advocated for a systematic search tad an unknown poison in 
viscera. This is very comprehensive and is probably the best technique as yet — for 
This is followed by chapters on the isolation aad separation of poisons in biological material _ - 
by all the known chemical methods, including distillation , micro- diffusion, chromatography (with 
its various techniques), ion-exchange resin procedures, paper ionophoresis and counter- current 
distribution. The various spectrographic and spectroscopic applications to the subject are | 
described, as well as X-ray diffraction analysis. In addition, there is a chapter on optical-crystallo- j 
graphic methods involving use of a polarising microscope. _ This method of identification of minute an 
quantities of material has been developed to a great extent in the last five years by the author ye 
of this chapter, and many of the constants are given in the tables to assist the reader in his task. ‘* ae ; 
It will be seen that the volume is most comprehensive i in approach. It has also been prepared : 
and is presented with great care as to accuracy in | detail, i in a manner easy to follow. 4 Many of 
the methods are outside the s scope of all but specialised laboratories, but the majority of techniques af 

off described are generally applicable. It does emphasise, however, that in all branches of applied art ih a 
analysis, the in -to-date techniques, Py is 
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THE RADIOCHEMISTRY OF TrTaNruM. CHONG vi i+ 23. D. 
National Academy of Sciences—National 50 cents. 


this chapter is worthy of study by 
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‘Tue RADIOCHEMISTRY OF oF CESIUM. | ‘By! H. L. — M. T. 4 
ington, C.: National Academy of Sciences—National Research 1961. 

Science Series: NAS—NS- 3035. 3 
ae or RATES AND MECHANISMS OF oF REACTIONS. Part I. Edited by S. L. Freee, 

Lewis and A. WEISSBERGER. Second Edition. Pp. xii + 102 + Index. New York 


and London: Interscience Publishers Inc. 1961. Price $23. 50. 
“Tue ExTRA PHARMACOPOEIA (MARTINDALE): SUPPLEMENT 1961. a ‘Published by direction of the 


* Council of The Pharmaceutical Society of Great Britain. Pp. xii + 315. London: The 
_ Pharmaceutical Press. 1961. Price 32s.6d. 
HANDBOOK OF ORGANOMETALLIC CoMPOUNDS. By HERBERT C. Pp. iv + 1546. 
Princeton, N.J., New York, Toronto and London: D. Van Nostrand Ine. 
PRINCIPLES AND APPLICATIONS OF PAPER ELECTROPHORESIS. By CH. WUNDERLY. Pp. xii + 253, 
Amsterdam, London, New York and Princeton: Elsevier Company; London: 


D., Van Company Ltd. 1961. Price 26s, 


AN INTRODUCTION TO “THE iE ANALYSIS OF SPIN- -SPIN SPLITTING IN HIGH-RESOLUTION Nucrear 
Macnetic RESONANCE SPECTRA. By Joun D. RoBERTs. +116. New 


A, Benjamin Inc, 1961. Price $4.95 


oF Brotocicat RESEARCH. Third Series. Edited by J. B. Atkins, D.M., M.Ch,, 

= F.R.C.S. Eng., Hon. F.A.C.S. Pp. xiv + 155. , Oniord: Blackwell Scientific Publications 
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London: The Royal Institute of Chemistry. 1961. Price 4s. 6d. 
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Butterworths Publications Ltd. 1961. Price 42s. 
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Nuclear Science Series: NAS—NS-3036. 
Ligui- -LiguIp EXTRACTION WITH HIGH-MOLECULAR- -WEIGHT Amines. By FLETCHER L. Moons 
Pp. vi+ 83. _ Washington, D.C.: National Academy of Sciences—National Research 


Nuclear Science Series: NA S—N S-3101. Radiochemical Techniques. 


IN ORGANIC CuEmistry. Volume 5. "Edited by J. W. Cook, D. Sc., F.R.S. and W W. 


Ph.D. Pp. viii 172. London: Butterworths Publications itd. 1961. 
_ ‘Scientific Translation Editor Dr. A. G. Mappock, Sc.D., Ph.D. a Lg 
No. 1. Pp. ii + 183. Oxford, London, New York and Paris: Pergamon Press. 1960.§ 
Annual rate £15 ($40). £8 ($24). 


Aveust, 1961, ‘Note by xy F. J. Griffin and B. Casson, Table | L 4th column, sth 


line. For “0-125” read ‘0-0125”. 
a 


“0: 341” **0- 


(i 
= 
> 
be 
| 
p. 644, last paragraph, line. For 


~ 
~ * 


